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PREFACE 

This  book  is  written  upon  the  same  plan  as  the  author's 
Elements  of  Botany,  A  few  chapters  stand  here  but  Utile 
altered  from  the  former  work,  but  most  of  them  have  been 
rewritten  and  considerably  enlarged,  and  many  new  ones 
have  been  added.  The  principal  changes  in  the  book  as  a 
whole  are  these  : 

1.  Most  of  the  disciission  of  eeological  topics  is  put  by 
itself,  in  Part  IL 

2.  The  amount  of  laboratory  work  on  the  anatomy  and 
physiology  of  seed-plants  is  considerably  increased  and  addi- 
tional  experiments  are  introduced. 

3.  The  treatment  of  spore-plants  is  greatly  extended,  so  as 
to  include  laboratory  work  on  the  most  important  groups. 

4.  The  meagre  Flora  which  accompanied  the  earlier  book 
has  been  replaeed  by  one  which  contains  fairly  füll  descrip- 
tions  of  nearly  seven  hundred  species  of  plants.  Most  of 
these  are  wild,  but  a  considerable  number  of  cultivated  species 
have  been  included,  mainly  for  the  convenience  of  schools  in 
large  cities. 

Ample  material  is  offered  for  a  year's  course,  four  or  five 
periods  per  week.  The  author  is  well  aware  that  most  schools 
devote  but  half  a  year  to  botany,  but  the  tendency  sets  strongly 
toward  allowing  more  time  for  this  subject.  Even  in  schools 
where  the  minimum  time  allowance  is  devoted  to  botany,  there 
is  a  distinct  advantage  in  being  provided  with  a  book  which 
allows  the  teacher  considerable  Option  as  regards  the  kind 
and  amount  of  work  which   he  shall  offer  to  his  classes. 
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Suggestions  are  made  in  the  teacher's  ffandbaok,  which 
accompanies  this  volume,  in  regard  to  shaping  half-year 
Gourses. 

The  latest  authorities  in  the  various  departments  of  botany 
have  been  consulted  on  all  donbtful  points,  and  the  attempt 
has  been  to  make  the  book  scientifically  aecurate  throughout, 
yet  not  unduly  difficult. 

Most  of  the  illustrations  have  been  redrawn  from  those  in 
Standard  German  works  of  an  advanced  character,  or  drawn 
from  nature  or  from  photographs,  expressly  for  this  book. 
Besides  the  sources  of  drawings  acknowledged  in  the  author's 
Elements^  many  cuts  have  been  taken  from  the  botanies  of 
Frank,  Prantl,  Detmer,  Murray,  and  Bennett  and  Murray,  as 
well  as  from  Schimper's  Pflanzengeographie. 

Of  the  drawings  from  nature  or  from  photographs,  some 
figures,  and  Plates  I,  VII,  and  VIII,  are  by  Mr.  Edmund 
Garrett  of  Boston  ;  several  figures,  the  Frontispiece,  and 
Plates  II,  IV,  X,  XI,  are  by  Mr.  Bruce  Horsfall  of  New  York ; 
several  figures  are  by  Mr.  F.  Schuyler  Mathews  of  Boston  ;  a 
large  number  of  figures  and  Plate  V  are  by  Mr.  E.  N.  Fischer 
of  Boston;  several  figures  are  by  Mr.  E.  R.  Kingsbury  of  Boston 
and  Dr.  J.  W.  Folsom  of  the  University  of  Illinois. 

Thanks  for  the  use  of  photographs  are  due  to  Mr.  H.  G. 
Peabody  of  Boston  (Fig.  234),  to  Mr.  J.  H.  White  of  Boston 
(Figs.  32,  75,  222),  to  Professor  Conway  MacMillan  of  the  Uni- 
versity of  Minnesota  (Frontispiece),  and  to  Professor  F.  V. 
Coville  of  Washington  (Plate  VII).  Figs.  28  and  275  are 
taken  by  permission  from  the  Primer  of  Forestry,  issued  by  the 
Division  of  Forestry,  U.  S.  Department  of  Agriculture.  Figs. 
263,  264,  276  are  copied  by  permission  from  Professor  W.  J. 
BeaPs  Seed  Dispersal,  and  Figs.  226,  229,  233  from  Professor 
W.  M.  Davis's  Physieal  Geography.  Fig.  269  is  from  a  photo- 
graph  by  Professor  C.  F.  Millspaugh  of  the  Field  Columbian 
Museum,  Chicago. 
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Most  of  the  redrawn  illustrations  (not  microscopical)  from 
yarious  European  sources  are  by  Mr.  Fischer.  Most  of  the 
microscopical  ones  (and  a  number  of  figures  from  nature)  are 
by  Dr.  J.  W.  Folsoin  of  the  University  of  IllinoiS|  and  many 
of  both  classes  are  by  Mr.  Mathews.  Thanks  are  due  to 
Professor  J.  M.  Holzinger  of  the  Winona  (Minn.)  State 
Normal  School,  to  Professor  L.  Murbach  of  the  Detroit  High 
School,  and  to  Mr.  I.  S.  Cutter  of  Lincoln,  Nebraska,  for 
their  many  discriminating  criticisms  of  the  proof  of  Parts  I 
and  II.  Mr.  Samuel  F.  Tower  of  the  Boston  English  High 
School,  Professor  Charles  V.  Piper  of  the  Washington  State 
Agricultural  College,  and  Dr.  Rodney  H.  True,  Lecturer  on 
Botany  at  Harvard  University,  have  all  read  the  whole  or 
large  portions  of  Part  I  and  given  valuable  suggestions. 
Professor  W.  F.  Ganong,  of  Smith  College,  has  read  and 
eriticised  Part  II. 

The  chapters  on  spore-plants,  excepting  a  small  amount  of 
matter  retained  from  the  Elements  of  Botany^  are  entirely  the 
work  of  Mr.  A.  B.  Seymour  of  the  Cryptoganiic  Herbarium  of 
Harvard  University. 

The  author  has  attempted  to  steer  a  middle  course  between 
the  advocates  of  the  out-of-door  school  and  of  the  histological 
school  of  botany  teaching.  He  has  endeavored  never  to  use  a 
technical  term  where  he  could  dispense  with  it,  and  on  the 
other  band,  not  to  become  inexact  by  shunning  necessary 
terms.  In  deciding  questions  of  this  sort,  a  priori  reasoning 
is  of  little  value  ;  one  raust  ascertain  by  repeated  trials  how 
much  of  a  technical  vocabulary  the  average  beginner  in  botany 
can  profitably  master.  The  teacher  who  has  discovered  that 
not  one  of  the  boys  in  a  division  of  thirty-six  pupils  knows 
that  bis  own  desk-top  is  of  cherry  wood  may  well  hesitate 
about  beginning  his  botany  teaching  with  a  discourse  on  cen- 
trospheres  and  karyokinesis.  It  has  been  assumed  throughout 
this  book  that,  other  things  being  equal,  the  knowledge  is  of 
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most  worth  which  touches  the  pupiFs  daily  life  at  the  most 
points,  and  therefore  best  enables  him  to  understand  bis  own 
environment.  On  tbe  otber  band,  tbe  autbor  bas  no  sympatby 
witb  tbose  wbo  decry  tbe  use  of  apparatus  in  botany  teacbing 
in  secondary  scbools  and  wbo  would  confine  tbe  work  of  tbeir 
pupils  mainly  witbin  tbe  limits  of  wbat  can  be  seen  witb  tbe 
unaided  eye.  If  tbe  Compound  microscope  plainly  reveals 
tbings  sbown  only  imperfectly  by  a  magnifier  and  not  seen  at 
all  witb  tbe  naked  eye,  —  use  tbe  microscope  !  If  iodine 
Solution  or  otber  easily  prepared  reagents  make  evident  tbe 
existence  of  structures  or  substances  not  to  be  detected  witb- 
out  tbem,  —  tben  use  tbe  reagents  I  No  one  tbinks  of  deny- 
ing  a  boy  tbe  use  of  a  spyglass  or  a  compass  for  bis  tramps 
afield  or  bis  outings  in  a  boat  because  be  bas  not  studied 
pbysics.  No  one  would  refuse  to  let  an  intelligent  boy  or 
girl  use  a  camera  because  the  would-be  pbotograpber  bad  not 
mastered  tbe  cbemical  reactions  tbat  follow  upon  tbe  expo- 
sure  of  a  sensitized  plate.  Yet  it  is  equally  illogical  to  defer 
some  of  tbe  most  fascinating  portions  of  botanical  study  until 
tbe  College  course,  to  wbicb  most  never  attain.  Wben  tbe 
university  professor  teils  tbe  teacber  tbat  be  ougbt  not  to 
employ  tbe  ordinary  appliances  of  elementary  biological  inves- 
tigation  in  tbe  scbool  laboratory  because  tbe  pupils  cannot 
intelligently  use  tbem,  tbe  teaclier  is  forced  to  reply  tbat  tbe 
professor  bimself  cannot  intelligently  discuss  a  subject  of 
wbicb  be  bas  no  personal  knowledge.  Tbe  pupils  are  deeply 
interested;  tbey  prove  by  tbeir  drawings  and  tbeir  recita- 
tions  tbat  tbey  bave  seen  a  good  way  into  plant  structures 
and  plant  functions  ; .  then  wby  not  let  tbem  study  botany 
in  eamest  ? 

J.  Y.  B. 

Cambridge,  January,  1901. 
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INTRODUCTION 

"  Botany  is  the  science  which  endeavors  to  answer  every  reason- 
able  question  about  plants."  ^ 

The  plant  is  a  living  being,  provided  generally  with 
many  parts,  called  orgaMi  which  it  uses  for  taking  in  nour- 
ishment,  for  breathing,  for  protection  against  its  enemies, 
and  for  reproducing  itself  and  so  keeping  up  the  nurabers 
of  its  own  kind.  The  study  of  the  individual  plant  there- 
fore  embraces  a  variety  of  topics,  and  the  examination  of 
its  relation  to  othera  introduces  many  more  subjects. 

jtorphol^y,  or  the  science  of  fonn,  stnicture,  and  so  on, 
deals  with  the  plant  without  much  regard  to  its  character 
as  a  living  thing.  Under  this  head  are  studied  the  forms 
of  plants  and  the  various  shapes  or  disguises  which  the 
same  sort  of  organ  may  take  in  different  kinds  of  plants, 
their  gross  structure,  their  microscopical  structure,  their 
Classification,  and  the  successive  stages  in  the  develop- 
ment  of  the  individual  plant. 

Mant  Physiolpgj  treats  of  the  plant  in  action,  how  it  lives, 
breathes,  feeds,  grows,  and  produces  others  like  itself. 

Geographica!  Distribution,  or  botanical  geography,  dis- 
cusses  the  ränge  of  the  various  kinds  of  plants  over  the 

1  Professor  George  L.  Goodale. 
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earth's  8u^face^  Another  subdivision  of  botany,  usually 
studied  along  wu%  geology,  describes  the  history  of  plant 
life  on  the  earth  from  tlie  appearance  of  the  first  plants 
until  the  present  time. 
"-■  Systematic  Botany ,  or  the  Classification  of  plants,  should 
naturally  foUow  the  examination  of  the  groups  of  seed- 
plants  and  spore-plants. 

^  Plant  Ecology  treats  of  the  relations  of  the  plant  to 
the  conditions  under  which  it  lives.  Under  this  division 
of  the  science  are  studied  the  effects  of  soil,  climate,  and 
friendly  or  hostile  animals  and  plants  on  the  extemal 
form,  the  internal  structure,  and  the  habits  of  plants. 
This  is  in  many  respects  the  most  interesting  department 
of  botany,  but  it  has  to  be  studied  for  the  most  part  out 
of  doors. 

Many  of  the  topics  suggested  in  the  above  outline  cannot 
well  be  studied  in  the  high  school.  There  is  not  usually 
time  to  take  up  more  than  the  merest  outline  of  botanical 
geography,  or  to  do  much  more  than  mention  the  impor- 

^  tant  subject  of  JScanomic  Botany  —  the  study  of  the  uses 
of  plants  to  man.  It  ought,  however,  to  be  possible  for 
the  Student  to  leam  in  his  high-school  course  a  good  deal 
about  the  simpler  facts  of  morphology  and  of  vegetable 
physiology.  One  does  not  become  a  botanist  —  not  even 
much  of  an  amateur  in  the  subject  —  by  reading  books 
about  botany.  It  is  necessary  to  study  plants  themselves, 
to  take  them  to  pieces  and  make  out  the  connection  of  their 
parts,  to  examine  with  the  microscope  small  portions  of  the 
exterior  surface  and  thin  slices  of  all  the  variously  built 
materials  or  tiisues  of  which  the  plant  consists.  All  this 
can  be  done  with  living  specimens  or  with  those  taken 
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from  dead  parts  of  plants  that  have  been  preserved  in  any 
suitable  way,  as  by  dryiiig  or  by  placing  in  alcohol  or  other 
fluids  which  prevent  decay.  Living  plants  must  be  studied 
in  Order  to  ascertÄin  what  kinds  of  food  they  take,  what 
kinds  of  waste  subetances  they  excrete,  how  and  where 
their  growth  takes  place  and  what  circumstances  favor  it, 
how  they  move,  and  indeed  to  get  as  complete  an  idea  as 
possible  of  what  has  been  called  the  behavior  of  plants. 

Since  the  most  familiär  and  most  interesting  plants 
spring  from  seeds,  the  beginner  in  botany  can  hardly  do 
better  than  to  examine  at  the  outset  the  structure  of  a  few 
familiär  seeds,  then  sprout  them  and  watch  the  growth  of 
the  seedlings  which  spring  from  them.  Afterwards  he 
may  study  in  a  few  typical  examples  the  organs,  structure, 
and  functions  of  seed-plants,  trace  their  life  history,  and 
so,  Step  by  step,  foUow  the  process  by  which  a  new  crop 
of  seeds  at  last  results  from  the  growth  and  development 
of  such  a  seed  as  that  with  which  he  began. 

After  he  has  come  to  know  in  a  general  way  about  the 
structure  and  functions  of  seed-plants,  the  student  may 
become  acquainted  with  some  typical  cryptogams  or  spore- 
plants.  There  are  so  many  groups  of  these  that  only  a 
few  representative  ones  can  be  chosen  for  study. 
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Part  I 

STRUCTURE,    FUNCTIONS,   AND    CLASSIFI- 
CATION OF  PLANTS 

CHAPTER  I 
TH£   S££D   ÄND   ITS   GERMINATION 

1.  Germination  of  the  Squash  Seed.  —  Soak  some  squash  seeds  in 
tepid  water  for  twelve  bours  or  more.  Plant  these  about  an  incb 
deep  in  damp  sand  or  pine  sawdust  or  peat-moss  in  a  wooden  box 
whicb  has  bad  boles  enougb  bored  through  the  bottom  so  that  it  will 
not  hold  water.  Put  the  box  in  a  warm  place  (not  at  any  time  over 
70°  or  80®  Fahrenheit),*  and  cover  it  loosely  with  a  board  or  a  pane 
of  glass.  Keep  the  Band  or  sawdust  moist,  but  not  wet,  and  the 
seeds  will  germinate.  As  soon  as  any  of  the  seeds,  on  being  dug  up, 
are  found  to  have  burst  open,  sketch  one  in  this  condition,^  noting 
the  manner  in  which  the  outer  seed-coat  is  split,  and  continue  to 
examine  the  seedlings  at  intervals  of  two  days,  until  at  least  eight 
stages  in  the  growth  of  the  plantlet  have  been  noted.' 

1  Here  and  elsewhere  throughout  the  book  temperatures  are  expressed  in 
Fahrenheit  degrees,  siuce  with  us,  unfortunately,  the  Centigrade  Scale  is  uot 
the  familiär  one,  outside  of  physical  and  chemical  laboratories. 

>  Tlie  Student  need  not  feel  that  he  is  expected  to  make  finished  drawings 
to  record  what  he  sees,  but  some  kind  of  careful  sketch,  if  only  the  merest 
oatline,  is  indispensable.  Practice  and  study  of  the  illustrations  hereafter 
giren  will  soon  impart  some  facility  even  to  those  who  have  had  llttle  or  no 
inatruction  in  drawing.    Consult  here  Figs.  9  and  89. 

■  The  class  is  not  to  wait  for  the  completion  of  this  work  (which  may,  if 
desirable,  be  done  by  each  pupil  at  home),  but  is  to  proceed  at  once  with  the 
examination  of  the  squash  seed  and  of  other  seeds,  as  directed  in  the  foUow- 
ing  sections,  and  to  set  some  beans,  peas,  and  corn  to  sprouting,  so  that  they 
may  be  studied  at  the  same  time  with  the  germinating  squashes. 
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ObseWe'  particulßrlyhow"the  sand  is  pushed  aside  by  the  rise  of 
the  young  seedlings.     Suggest  some  reason  for  the  manner  in  which 
the  sand  is  penetrated  by  the  rising  stem. 

2.  Ezamination  of  the  Sqtiash  Seed. — 
Make  a  sketch  of  the  dry  seed,  natural  size. 
Note  the  little  scar  at  the  pointed  end  of  the 
seed  where  the  latter  was  attached  to  its 
place  of  growth  in  the  squash.  Label  this 
hilum. 

Note  the  little  hole  in  the  hilnm ;  it  is 
the  micropyley  seen  most  plainly  in  a  soaked 
seed.  (If  there  are  two  depressions  on  the 
hilum  the  deeper  one  is  the  micropyle.) 

Describe  the  color  and  texture  of  the  outer 
coating  of  the  seed.  With  a  scalpel  or  a  very 
Sharp  knife  cut  across  near  the  middle  a  seed 
that  has  been  soaked  in  water  for  twenty- 
four  hours.  Squeeze  one  of  the  portions, 
held  edgewise  between  the  thumb  and  finger, 
in  such  a  way  as  to  separate  slightly  the 
halves  into  which  the  contents  of  the  seed  is 
naturally  divided.  Examine  with  the  mag- 
nifying  glass  the  section  thus  treated,  make 
a  sketch  of  it,  and  label  the  shell  or  covering 
of  the  seed  and  the  kernel  with  in  this. 

Taking  another  soaked  seed,  chip  away 
the  white  outer  shell,  called  the  testa,  and 
öbserve  the  thin,  greenish  inner  skin  (Fig. 
1,  c),  with  which  the  kernel  of  the  seed  is 
closely  covered.^ 

Strip  this  off  and  sketch  the  uncovered  ker- 
nel or  embryo.   Not«  that  at  one  end  it  tapers 
to  a  poiiit.     This  pointed  portion,  known 
as  the  hypocotyly  will  develop  af  ter  the  seed 
sprouts  into  the  stem  of  the  plantlet,  like  that  shown  at  c  in  Fig.  2. 
Split  the  halves  of  the  kernel  entirely  apart  from  each  other, 

i  See  footnote  2  to  Seet  18. 
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Fio.  1.  — LengtliwiBe  Section 
of  a  Squash  Seed.  (Magni- 
fled  aboat  five  timee.) 
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noticing  that  they  are  only  attached  for  a  very  little  way  next  to 
the  hypocotyl,  and  observe  the  thickness  of  the  halves  and  the  slight 
unevenness  of  the  inner  surfaces.  These  halves  are  called  seed-leaves 
or  cotyledons, 

Have  ready  some  seeds  which  have  been  soaked  for  twenty-four 
hours  and  then  left  in  a  loosely  covered  jar  on  damp  blotting  paper 
at  a  temperature  of  70®  or  over 
until  they  have  begun  to  sprout. 

Split  one  of  these  seeds  apart, 
separating  the  cotyledons,  and 
observe,  at  the  junction  of  these, 
two  very  slender  pointed  objects, 
the  rudimentary  leaves  of  the 
plumule  or  first  bud  (Fig.  1,  i>). 

3.  Sxamination  of  the  Bean. 
— Study  the  seed,  both  dry  and 
after  twelve  hours*  soaking,  in 
the  same  general  way  in  which 
the  squash  seed  has  just  been 
examined.^ 

Notice  the  presence  of  a  dis- 
tinct  plumule,  consisting  of  a  pair 
of  rudimentary  leaves  between 
the  cotyledons,  just  where  they 
are  joined  to  the  top  of  the  hypo- 
cotyl.  In  many  seeds  (as  the  pea) 
the  plumule  does  not  show  dis- 
tinct  leaves.  But  in  all  cases 
the  plumule  contains  the  grotcing 
paint,  the  tip  of  the  stem  from 
which  all  the  upward  growth  of 
the  plant  is  to  proceed. 

Make  a  sketch  of  these  leaves  as  they  lie  in  place  on  one  of  the 
cotyledons,  after  the  bean  has  been  split  open. 

1  The  larger  the  variety  of  bean  chosen,  the  easier  it  will  he  to  see  and 
Sketch  the  several  parts.  The  large  red  kidney  bean,  the  horticultaral  bean, 
or  the  lima  bean  will  do  well  for  this  ezamination. 


Fio.  2.  - 


-  The  Castor  Bean  and  its 
Germination. 


A,  longitudinal  section  of  rJpe  seed  ;  /, 
testa  ;  co,  cotyledon  ;  c,  hypocotyl ; 
/?,  sprouting  Beed  covered  with  end<>- 
sperm  ;  (\  same,  with  half  of  endo- 
sperm  removed ;  D,  seedling ;  r,  prl- 
mary  root ;  r',  secondary  roots ;  c,  arch 
of  hypocotyl. 
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Note  the  cavity  in  each  cotyledon  caused  by  the  pressure  of  the 
pluniule  and  of  the  hypocot^l. 

4.*  Examioation  of  the  Pea.  —  There  are  no  very  important  points 
of  difference  between  the  bean  and  pea,  so  far  as  the  structure  of 
the  seed  is  concemed,  but  the  student  should  rapidly  dissect  a  few 
soaked  peas  to  get  an  idea  of  the  appearance  of  the  parts,  since  he 
is  to  study  the  germination  of  peas  in  some  detail. 

Make  only  one  sketch,  that  of  the  hypocotyl  as  seen  in  position 
after  the  removal  of  the  seed-coats.* 

5.  Germination  of  the  Bean  or  the  White  Lupine,  the  Pea,  and  the 
Grain  of  Com.  —  Soak  some  beaus  or  lupine  seeds  as  directed  in 
Section  3,  plant  them,'  and  make  a  series  of  sketches  on  the  same 
general  plan  as  those  in  Fig.  9. 

Follow  the  same  directions  with  some  peas  and  some  com.  In  the 
case  of  the  corn,  make  six  or  more  sketches  at  varions  stages  to  illus- 
trate  the  growth  of  the  plumule  and  the  formation  of  roots ;  first  a 
main  root  from  the  base  of  the  hypocotyl,  then  others  more  slender 
from  the  same  region,  and  later  on  still  others  from  points  higher 
up  on  the  stem  (see  Fig.  15).  The  student  may  be  able  to  dis- 
cover  what  becomes  of  the  large  outer  part  of  the  embryo.  This  is 
really  the  single  cotyledon  of  the  corn  (Fig.  6).  It  does  not  as  a 
whole  rise  above  ground,  but  most  of  it  remains  in  the  buried  grain, 
and  acts  as  a  digesting  and  absorbing  organ  through  which  the 
endosperm  or  food  stored  outside  of  the  embryo  is  transferred  into 
the  growing  plant,  as  fast  as  it  can  be  made  liquid  for  that  purpose. 

6.  Germination  of  the  Horse-Chestnut.  —  Plant  some  seeds  of  the 
horse-chestnut  or  the  buckeye,  study  their  mode  of  germination,  and 
observe  the  nature  and  peculiar  modifications  of  the  parts. 

Consult  Gray's  Structural  Botany,  Vol.  I,  pp.  19,  20. 

/     7.   ConditioDS  Requisite  for  Germination.  —  When   we 
try  to  enumerate  the  extemal  conditions  which  can  affect 

i  The  teacher  will  find  excellent  sketches  of  most  of  the  germinating  seeds 
described  in  the  present  chapter  in  Miss  Newell's  Oullines  of  Lessons  in 
Botany,  Part  I. 

2  The  pupil  may  economize  space  by  planüng  the  new  seeds  in  boxes 
from  which  part  of  the  earlier  planted  seeds  have  been  dug  up  for  use  in 
sketching,  etc. 
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germination,  we  find  that  the  principal  oncs  are  heat, 
moisture,  and  presence  of  air.  A  few  simple  experiments 
will  show  what  influence  these  conditions  exert. 

8.  Temperature.  —  Common  Observation  shows  that  a 
moderate  amount  of  warmth  is  necessary  for  the  sprout- 
ing  of  seeds.  Every  farjner  or  gardener  knows  that 
during  a  cold  spring  many  seeds,  if  planted,  will  rot  in 
the  ground.  But  a  somewhat  exaet  experiment  is  neces- 
sary to  show  what  is  the  best  temperature  for  seeds  to 
grow  in,  and  whether  variations  in  the  temperature  make 
more  difference  in  the  quickness  with  which  they  begin 
to  germinate  or  in  the  total  per  cent  which  finally  succeed. 

EXPERIMENT   I 

Relation  of  Temperature  to  Gennination.  —  Prepare  at  least  four 
teacups  or  tumblers,  each  with  wet  soft  paper  packed  in  the  bottom 
to  a  depth  of  nearly  an  inch.  Have  a  tightly  fitting  cover  over  each. 
Put  in  each  vessel  the  same  number  of  soaked  peas.  Stand  the  ves- 
aeis with  their  contents  in  places  where  they  will  be  exposed  to  dif- 
ferent,  but  fairly  constant,  temperatures,  and  observe  the  several 
temperatures  carefully  with  a  thermometer.  Take  pains  to  keep  the 
tumblers  in  the  warm  places  from  drying  out,  so  that  their  contents 
will  not  be  loss  moist  than  that  of  the  others.  The  following  series 
is  merely  suggested,  —  other  values  may  be  found  more  convenient. 
Note  the  rate  of  germination  in  each  place  and  record  in  tabular 
form  as  follows: 

Ko.  of  seeds  sprouted  in  24  hrs.  48  hrs.  72  hrs.  06  hrs.  etc. 

At32^  

At50°,  

At70°,  

AtOOV  

1  For  the  exaet  reg^lation  of  the  temi)erature8  a  thermostat  (see  Ilandbook) 
ja  desirable.  If  one  is  available,  a  maxiinam  temperature  of  100*  or  over 
ahould  be  tried. 
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9.  Moisture.  —  What  was  said  in  thej)recedmg  section 
in  regard  to  temperature  applies  also  to  the  question  of 
the  best  conditions  för  germination  as  regards  the  supply 
of  moisture.  The  soil  in  which  seeds  grow  out  of  doors 
is  always  moist;  it  rests  with  the  experimenter  to  find 
out  approximately  what  is  the  best  amount  of  moisture. 


EXPERIMENT  n» 

Relation  of  Water  to  Germination.  —  Arrange  seeds  in  several 
vessels  as  foUows: 

In  the  first  put  blotting  paper  that  is  barely  moistened ;  on  this 
put  seine  diy  seeds. 

In  the  second  put  blotting  paper  that  has  been  barely  moistened ; 
on  this  put  seeds  that  have  been  soaked  for  twenty-four  hours. 

In  the  third  put 
water  enougli  to  soak 
the  paper  thor- 
oughly;  use  soaked 
seeds. 

In  the  fourth  put 
water  enough  to  half 
Cover  the  seeds. 

Place  the  vessels 
where  they  will  have 
same  temperature  and 
note  the  time  of  ger- 
mination. 

Tabulate  your  re- 
sults  as  in  the  previ- 
ous  experiment. 

10.    Relation  of  the  Air  Supply  to  Germination.  —  If  we 

wish  to  see  how  soaked  seeds  will  behave  with  hardly  any 

air  supply,  it  is  necessary  to  place  them  in  a  bottle  arranged 

1  This  may  be  made  a  home  experiment. 


FiQ.  3.  — Soaked  Peaa  In  Stoppered  Bottle,  ready 
for  Exhaustion  of  Air. 
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as  shown  in  Fig.  3,  exhaust  the  air  by  connecting  the  glass 
tube  with  an  air-pump,  which  is  then  pümped  yigoronsly, 
and  seal  the  tube  while  the  exhaustion  is  going  on.  The 
sealing  is  best  done  by  holding  a  Bunsen  flame  under  the 
middle  of  the  horizontal  part  of  the  tube.  A  much  easier 
experiment,  which  is  nearly  as  satisfactory,  can,  however, 
be  perfonned  without  the  air-pump. 

EXPERIMENT  lU 

Wül  Seeds  Germinate  weU  without  a  Good  Supply  of  Air?  — 
Place  some  soaked  seeds  on  damp  blotting  paper  in  the  bottom  of  a 
bottle,  Qsing  seeds  enough  to  fill  it  three-quarters  fnll,  and  close 
tigbtly  with  a  rubber  stopper. 

Place  a  few  other  seeds  of  the  same  kind  in  a  second  boitle; 
Cover  loosely. 

Place  the  bottles  side  by  side,  so  that  they  will  have  the  same 
conditions  of  light  and  heat.  Watch  for  reErults,  and  tabulate  as  in 
previous  experiments. 

Most  seeds  will  not  germinate  nnder  water,  but  those  of  the 
Bunflower  will  do  so,  and  therefore  Ezp.  III  may  be  varied  in  the 
foUowing  manner: 

Remote  t^  Shells  carefully  from  a  considerable  number  of  sun- 
flower  seeds.^  Try  to  germinate  one  lot  of  these  in  water  which  has 
been  boiled  in  a  flask  to  reniove  the  air,  and  then  cooled  in  the 
same  flask.  Over  the  water,  with  the  seeds  in  it,  a  layer  of  cotton- 
seed  oil  abont  a  half  inch  deep  is  poured,  to  keep  the  water  from 
contact  with  air.  In  this  bottle  then  there  will  b&  only  seeds  and 
air-free  water.  Try  to  germinate  another  lot  of  seeds  in  a  bottle 
half  filled  with  ordinary  water,  also  covered  with  cotton-«eed  oil. 
Besults? 

11.  Germination  involves  Chemical  Changes. —  If  a  ther- 
mometer  is  inserted  into  a  jar  of  sprouting  seeds,  for 

1  These  are  really  fraits,  bat  the  distinction  is  not  an  important  one  at 
thiB  time. 
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instance  peas,  in  a  room  at  Ihe  ordinary  temperature,  the 
peas  will  be  found  to  be  warmer  tlian  the  surrounding 
air.  This  rise  of  temperature  is  at  least  partly  due  to 
the  abßorption  from  the  air  of  that  substance  in  it  whieh 
Supports  the  life  of  animals  and  maintains  the  buming  of 
fires,  namely,  oxygen. 

The  Union  of  oxygen  with  substances  with  which  it 
can  Combine,  that  is  with  those  which  will  burn,  is  called 
oxidation.  This  kind  of  chemical  change  is  universal  in 
plants  and  animals  while  they  are  in  an  active  condition, 
and  the  energy  which  they  manifest  in  their  growth  and 
movements  is  as  directly  the  result  of  the  oxidation  going 
on  inside  them  as  the  energy  of  a  steam  engine  is  tlie 
result  of  the  burning  of  coal  or  other  fuel  under  its  boiler. 
In  the  sprouting  seed  much  of  the  energy  produced  by 
the  action  of  oxygen  upon  oxidizable  portions  of  its  Con- 
tents is  expended  in  producing  growth,  but  some  of  this 
energy  is  wasted  by  being  transformed  into  heat  which 
escapes  into  the  surrounding  soü.  It  is  this  escaping 
heat  which  is  detected  by  a  thermometer  thrust  into  a 
quantity  of  germinating  seeds.  • 

p:xperiment  iv 

Effect  of  Germinating  Seeds  upon  the  Surrounding  Air.  —  When 
Exi*.  III  has  been  finished,  remove  a  little  of  the  air  from  above  the 
\yeaa  in  the  firat  bottle.  This  can  easily  be  done  with  a  rubber  bulb 
attached  to  a  short  glass  tube.  Then  bubble  tliis  air  through  some 
clear,  filtered  liniewater.  Also  blow  the  breath  through  some  lime- 
water  by  aid  of  a  sliort  glass  tube.  Explain  any  similarity  in 
result»  obtained.  (Carbon  dioxide  turns  limewater  milky.)  After- 
>vards  insert  into  the  air  above  the  peas  in  the  same  bottle  a  lighted 
pine  spliuter,  and  note  the  effect  upon  its  flame. 
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12.  Other  Proofs  of  Chemical  Action. —  Besides  the  proof  ->; ,  ^ 
of  chemical  changes  in  germinating  seeds  just  described,    ^ 
there  are  other  kinds  of  evidence  to  the  same  eflfeet.       ^  /  . 

Malt,  which  is  merely  sprouted  barley  with  its  germi- 
nation  permanently  stopped  at  the  desired  point  by  the 
application  of  heat,  taste»  differently  f rom  the  unsprouted 
grain,  and  can  be  shown  by  chemical  tests  to  have  suffered 
a  variety  of  changes.  If  you  can  get  unsprouted  barley 
and  malt,  taste  both  and  see  if  you  can  decide  what  sub- 
stance  is  more  abundant  in  the  malt. 

Germin«ating  kerneis  of  com  undergo  great  alterations 
in  their  structure;  the  starch  grains  are  gradually  eaten 
away  until  they  are  ragged  and  füll  of  holes  and  finally 
disappear. 

13.  The  Embryo  and  its  Development.  —  The  miniature 
plant,  as  it  exists  ready  formed  and  alive  but  inactive  in 
the  seed,  is  called  the  embryo.  In  the  seeds  so  far  ex- 
amined,  practically  the  entire  content«  of  the  seed-coats 
consist  of  the  embryo,  but  this  is  not  the  case  with  the 
great  majority  of  seeds,  as  will  be  shown  in  tlie  foUowing 
chapter. 


CHAPTER   n 
STOHAfiE  OF  FO(H>  DT  THE  SXSD 

14.  Food  m  the  Embryo.  —  Sqaash  seeds  are  not  much 
nfled  for  haman  food,  thongh  both  these  and  melon  seeds 
are  occasionally  eaten  in  parts  of  Europe ;  bat  beans  and 
peas  are  important  articies  of  food.  Whether  the  material 
accumalated  in  the  cotyledons  is  an  aid  to  the  growth  of 
the  young  plant  maj  be  leamed  from  a  simple  experiment. 

15.  MtttOated  and  Perfect  Seedlings.  —  One  of  the  best 
ways  in  which  to  find  out  the  importance  and  the  special 

^1^  use  of  any  part  of 

^\\  a  plant  is  to  re- 

^^BoBbto  move  the  part  in 

^^^^^^H  question    and   see 

^^^^^^  how  the  plant  be- 

haves  afterward. 


EXPERIMENT  V^ 

Are  the  Cotyledons 
of  a  Pea  of  any  Use 
to  the  Seedling  ?  — 
Sprout  several  peas  on 
blotting  paper.  When 
the  plumules  appear, 
caref ully  cut  away  the  cotyledons  from  some  of  the  seeds.  Place  on 
a  perforated  cork,  as  shown  in  Fig.  4,  one  or  two  seedlings  from 

^  May  be  a  home  experiment. 
14 


Fio.  4.  —  Oerminating  PeM,  growing  in  Water,  one 
deprired  of  iU  Ck>tyIedon8. 
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which  the  cotyl^dons  have  been  cut,  and  as  many  which  have  not 
been  mutilated,  and'allow  the  roots  to  extend  into  the  water.  Let 
them  grow  for  sorne  days,  or  even  weeks,  and  note  results. 

16.  Food  stored  in  Seeds  in  Relation  to  Growth  after 
Germination.  — If  two  kinds  of  seeds  of  somewhat  similar 
charaeter,  one  kipd  large  and  the  other  small,  are  allowed 
to  germinate  and  grow  side  by  side,  some  important  infer- 
ences  may  be  drawn  f rom  their  relative  rate  of  growth. 

EXPERIMENT  VIi 

Does  the  Amonnt  of  Material  in  the  Seed  haye  anything  to  do  with 
the  Rate  of  Growth  of  the  Seedling?  —  Grerminate  ten  or  more 
cloTer  seeds,  and  about  the  same  number  of  peas,  on  moist  blotting 
paper  under  a  bell-jar.  After  they  are  well  sprouted,  transfer  both 
kinds  of  seeds  to  fine  cotton  netting,  stretched  across  wide-mouthed 
jars  nearly  fnll  of  water.  The  ]<oots  should  dip  into  the  water,  but 
the  seeds  niust  not  do  so.  AUow  the  plants  to  grow  until  the  peas 
are  from  four  to  six  inches  high. 

Some  of  the  growth  in  each  case  depends  on  material 
gathered  from  the  air  and  water,  but  most  of  it,  du  ring  the 
very  early  life  of  the  plant,  is  due  to  the  reserve  material 
stored  in  the  seed.  Where  is  it  in 
the  seeds  so  far  studied  ?     Proof  ? 

17.  Storage  of  Food  outside  of 
the  Embryo.  —  In  very  many  cases 
the  cotyledons  contain  little  food, 

but  there   is  a  SUpply  of    it  stored    Fio.ö.  — SeedswithEndoeperm. 

in  the  seedbeside  or  around  them 

I,  asparagus  (magnmed). 
(FigS.  2,  6,  and  6).  XI,  poppy  (magnmed). 

18.  Eacamination  of  the  Fonr-o'clock  Seed.  —  Examine  the  exter- 
nal  surface  of  a  seed '  of  the  f our-o'clock,  and  try  the  hardness  of 

1  May  be  a  home  experiment.         >  Strictly  speaking,  a  fruit. 
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the  outer  coat  by  cutting  it  with  a  knife.  From  seeds  which  have 
been  soaked  in  water  at  least  twenty-four  hours  peel  off  the  coatings 
and  sketch  the  kernel.  Make  a  cross-section  of  one  of  the  soaked 
seeds  which  has  not  been  stripped  of  its  coatings,  and  sketch  the  sec- 
tion  as  seen  with  the  magnifyiiig  glass,  to  show  the  parts,  especially 
the  two  cotyledons,  lying  in  close  contact  and  encircling  the  white, 
starchy-Iooking  endosperm.^ 

The  name  endosperm  is  applied  to  food  stored  in  parts  of  the 
seed  other  than  the  embryo.*  With  a  mouiited  needle  pick  out  the 
little  abnost  spherical  mass  of  endosperm  from  inside  the  cotyledons 
of  a  seed  which  has  been  deprived  of 
its  coats,  and  sketch  the  embryo,  noting 
how  it  is  curved  so  as  to  enclose  the 
endosperm  almost  completely. 

19.  Examination  of  ttt-  Kernel  of  In- 
dian  Com.  —  Soak  some  grains  of  large 
yellow  field  com  '  for  about  three  days. 

Sketch  an  unsoaked  kernel,  so  as  to 
show  tlie  grooved  side,  where  the  germ 
lies.     Observe  how  this  groove  has  be- 
come  partially  filled  up  in  the  soaked 
Fig.  6.  —  Lengthwiae  Section  of    kerneis. 
°"^^  ??,'"■    «i""«"'"*^  Remove   the  thin,  tough  skin  from 

about  three  times.)  '  ^ 

y.yellow.oilypartof  endosperm;  <>^«  ^^  the  latter,  and  notice  its  transpar- 
ir,  white,  starchy  part  of  en-  ency.  This  skin  —  the  bran  of  unsifted 
doaperm ;  p,  plumule  ;  «,  the  ^^^n  meal  —  does  not  exactly  correspond 
flhield  (cotyledou),  in  contaot  i.         ,■ 

wlth  the  endosperm  for  absorp-  to  the  testa  and  inner  coat  of  ordinary 
tion  of  food  from  it ;  r,  the  seeds,  since  the  kernel  of  com,  like  all 
pr  mary  root.  other  grains  (and  like  the  seed  of  the 

four-o'clock),  represents  not  merely  the  seed,  but  also  the  sejed-vessel 
in  which  it  was  formed  and  grew,  and  is  therefore  a  fruit./ 

1  Buckwheat  fumishes  anotber  excellent  stndy  in  seeds  with  endosperm. 
Like  that  of  the  four-o'clock,  it  is,  strictly  speakiug,  a  fruit ;  so  also  is  a  grain 
of  com. 

2  In  the  sqnash  seed  the  green  layer  which  covered  the  embryo  represents 
the  remains  of  the  endospenn. 

^  Tlie  varieties  with  lon<;,  flat  kemels,  raised  in  the  Middle  and  Southern 
States  under  the  name  of  "  dent  corn,"  are  the  best. 
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Cut  sections  of  the  soaked  kemels,  some  transverse,  some  length- 
wise  and  parallel  to  the  flat  surfaces,  Bome  lengthwise  and  at  right 
angles  to  the  flat  surfaces.  Try  the  effect  of  staining  some  of  these 
sections  with  iodine  Solution. 

Make  a  sketch  of  one  section  of  each  of  the  three  kinds,  and  label 
the  dirty  white  portion,  of  cheesy  consistency,  emhryo  ;  and  the  yel- 
low  portions,  and  those  which  are  white  and  floury,  endosperm. 

Chip  off  the  endosperin  from  one  kernel  so  as  to  remove  the 
embryo  free  from  other  parts.*  Notice  its  form,  somewhat  triangulär 
in  outline,  sometimes  nearly  the  shape  of  a  beechnut,  in  other  speci- 
mens  nearly  like  an  almond. 

Estimate  what  proportion  of  the  entire  bulk  of  the  soaked  kernel 
is  embryo. 

Split  the  embryo  lengthwise  so  as  to  show  the  slender,  somewhat 
conical  plumule.* 

20.  Corn  Seedlings  deprivedof  Endosperm An  experi- 

ment  parallel  to  No.  V  serves  to  show  the  function  and 
the  importance  of  the  endosperm  of  Indian  com. 

EXPERIMENT   VIT 

Of  how  much  Use  to  the  Com  Seedling  is  the  £nd08i>erin  ?  —  Sprout 
kerneis  of  com  on  blotting  paper.  AVhen  they  get  fuirly  started, 
cut  away  the  endosperm  carefully  from  several  of  the  seeds.  Sus- 
pend  on  mosquito  netting  on  the  surface  of  water  in  the  same  jar 
two  or  three  seedlings  which  have  had  their  endosperm  removed,  and 
as  many  which  have  not  been  mutilated.  Let  them  grow  for  some 
weeks,  and  note  results. 

21.  Starch.  —  Most  common  seeds  contain  starch. 
Every  one  knows  something  about  the  appefirance  of  ordi- 

^  The  embryo  may  be  removed  with  great  ease  from  kerneis  of  rathcr  ma- 
tore  green  com.  Boil  the  com  for  about  twenty  miiiutes  on  tho  cob,  then  pick 
the  keraels  off  one  by  one  with  the  poiut  of  a  knife.  They  may  bo  preserved 
indefinitely  in  alcohol  of  50  or  75%. 

*The  teacher  may  well  consult  Figs.  5(M>1,  inclusive,  in  Gray 's  Siructural 
Botany. 
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nauj  comiiieraal  starch  as  nsed  in  the'lanndiy,  and  as 
sold  üor  food  in  packages  of  conistarch.  When  pure  it 
ia  cfaaracterized  not  only  by  its  lostre,  bat  also  by  its 
pecnliar  yelyety  feeling  when  rabbed  between  the  fingers. 

22.  The  Stardi  Test.  —  It  is  not  always  easy  to  recog- 
nize  at  night  the  piesence  of  starch  as  it  occois  in  seeds^ 
bat  it  may  be  detected  by  a  veiy  simple  chemical  test, 
namely,  the  addition  of  a  solation  of  iodine.^ 

EXPERIMENT  Vni« 

Ezuainctkm  of  Familur  Seeds  with  lodine.  —  Cnt  in  two  with  a 
sbarp  kniüe  the  seeds  to  be  expeiimented  on,  then  pour  on  eacb,  drop 
by  drop,  some  of  the  iodine  Solution.  Only  a  little  is  neeessary; 
•ometime«  the  first  drop  ia  enough. 

If  starch  is  present,  a  blue  color  (sometimes  almost  black)  will 
apjjear.  If  no  color  is  obtained  in  tbis  way,  boil  the  pulrerized 
mutd»  for  a  moment  in  a  few  drops  of  water,  and  tiy  again. 

Test  in  thia  manner  corn,  wheat  (in  the  shape  of  floor),  oats  (in 
oatmeal),  barley,  rice,  bück  wheat,  flax,  rye,  sunflower,  four-ö'clock, 
niorning'glory,  mostard  seed,  beans,  peanut«,  Brazü-nats,  hazelnuts, 
atid  any  other  seeds  that  yoa  can  get  Report  your  results  in  tabu- 
lar  form  as  follows : 

MucH  Btauch  Littlb  Starch  No.Stabch 

Color :  blackiah  or        Color :  pale  blue  or        Color :  brown,  orange, 
,  dark  blue.  greenish.  or  yeUowish. 

23.  Microscopical  Examination  of  Starch.* — Examine  starch  in 
water  with  a  rather  high  power  of  the  microscope  (not  less  than  200 
diameters). 

1  Th«  tineture  of  iodine  seid  at  the  drag-stores  will  do,  bat  the  Solution 
prepared  as  dtrected  in  the  Handbook  answers  better.  This  may  be  made  up 
in  quantity,  and  issued  to  the  pupils  in  drachm  yials,  to  be  taken  home  and 
used  there,  if  the  ezperimentiiig  most  be  done  outside  of  the  laboratory  or  the 
iK'hoolroom.  s  May  be  a  home  experiment. 

•  At  this  point  the  teacher  should  give  a  brief  illustrated  talk  on  the  con- 
structlon  and  theory  of  the  Compound  microscope. 
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Pulp  scraped  from  a  potato,  that  from  a  canna  rootstock,  wheat 
floar,  the  fioely  powdered  starch  sold  under  the  commercial  name  of 
"comstarch"  for  cooking,  oat- 
meal,  and  buckwheat  finely  pow- 
dered in  a  mortar,  will  fumish 
excellent  ezamples  of  the  shape 
and  markings  of  starch  grains. 
Sketch  all  of  the  kinds  ezam- 
ined,  taking  pains  to  bring  out 
the  markings.^  Compare  the 
Sketches  with  Figs.  7  and  8. 

With  a  medicine-dropper  or  a 
very  small  pipette  run  in  a  drop 
of  iodine  solation  under  one  edge 
of  the  cover-glass,  at  the  same  time  withdrawing  a  little  water  from 
the   margin  opposite  by  touching  to   it  a  bit  of  blotting  paper. 


Fio.  7.  —  Canna  Staroh.    (Magnifled 
300  diameten.) 


<Q9 
W 

Qt£> 

Fio.  8.— Section  through  Ezterior  Part  of  a  Qraln  of  Wheat. 
c,  eatiele  or  outer  layer  of  bran ;  «p,  epiderrais ;  m,  layer  beneath  epidernüB ;  qu, 
seh,  layen  of  hüll  next  to  seed-^soats ;  6r,  n,  seed-coats ;  Kl,  layer  containing 
Proteid  graini ;  it,  cells  of  the  endosperm  fiUed  with  starch.   (Greatly  magnifled.) 

1  The  markfngs  will  be  seen  more  distinctly  if  care  is  taken  not  to  admit 
too  mnch  light  to  the  object.  Rotate  the  diaphragm  beneath  the  stage  of  the 
mScroscope,  or  otherwise  regnlate  the  supply  of  light,  until  the  opening  is 
foand  which  glyes  the  best  eff ect. 
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Ezamine  again  and  note  the  blue  coloration  of  the  starch  grains  and 
the  unstained  or  yellow  appearance  of  other  substances  in  the  field. 
Cut  very  thin  slices  froin  beans,  peas,  or  kerneis  of  com ;  mount  in 
water,  stain  as  above  directed,  and  draw  as  seen  ander  the  microscope. 
Compare  with  Figs.  7  and  8.^  Xote  the  fact  that  the  starch  is  not 
packed  away  in  the  seeds  in  bulk,  but  that  it  is  enclosed  in  little 
Chambers  or  cells. 

24.  Plant-Cells.  —  Almost  all  the  parts  of  the  higher 
plants  are  built  up  of  little  separate  portions  called  celh, 
/The  cell  is  the  unit  of  plant>structure,  and  bears  sorae- 
thing  the  same  relation  to  the  plant  of  which  it  is  a  part 
that  one  cell  of  a  honeycomb  does  to  the  whole  comb. 
But  this  comparison  is  not  a  perfect  one,  for  neither  the 
waxen  wall  of  the  honeycomb-cell  nor  the  honey  within  it 
is  alive,  while  every  plant-cell  is  or  has  been  alive.  And 
even  the  largest  ordinary  honeycomb  consists  of  only  a 
few  hundred  celU,  while  a  large  tree  is  made  up  of  very 
many  millions  of  cells.  The  student  must  not  conceive 
of  the  cell  as  merely  a.  little  Chamber  or  enclosure.  The 
living^  more  or  less  liquid,  or  mucilage-likey  or  jelly-Uke 
substance  known  as  protoplasm^  which  forms  a  large  portion 
of  the  bulk  of  living  and  growing  cells,  is  the  all-important 
part  of  such  a  cell.  Professor  Huxley  has  well  called 
this  substance  "  the  physical  basis  of  life."  Celk  are  of 
all  shapes  and  sizes,  from  little  spheres  a  ten-thousandth 
of  an  inch  or  less  in  diameter  to  slender  tubes,  such  as 
fil>er8  of  cotton,  several  inches  long.  To  get  an  idea  of 
the  appearance  of  some  rather  large  cells,  scrape  a  little 
pulp  from  a  ripe,  mealy  apple,  and  examine  it  first  with 

1  The  differentiation  between  the  starch  grains,  the  other  cell-contents, 
and  the  cell-walls  will  appear  better  in  the  drawings  if  the  starch  grains  are 
sketched  with  blue  ink. 
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a  strong  magnifying  glass,  then  with  a  moderate  power  of 
the  Compound  microscope.  To  see  how  dead,  dry  cell- 
walls,  with  nothing  inside  them,  look,  examine  (as  before) 
a  very  thin  slice  of  eider  pith,  sunflower  pith,  or  pith  from 
a  dead  cornstalk.  Look  also  at  the  figures  in  Chapter  VI 
of  this  book.  Notice  that  the  simplest  plant»  (Chapter  XX) 
consist  of  a  single  cell  each,  The  study  of  the  structure 
of  plants  is  the  study  of  the  forms  which  cells  and  groups 
of  cells  assume,  and  the  study  of  plant  physiology  is  the 
study  of  what  cells  and  cell  combinations  do. 

25.  Absorption  of  Starch  from  the  Cotyledons.  —  Exatnine  with 
the  microscope,  using  a  medium  power,  soaked  beaiis  and  the  cotyle- 
doDS  from  seedlings  that  have  been  growing  for  three  or  four  weeks. 
Stain  the  sections  with  iodine  Solution,  and  notice  how  completely 
the  Clusters  of  starch  grains  that  filled  most  of  the  cells  of  the  un- 
sprouted  cotyledons  have  disappeared  from  the  shriveled  cotyledons 
of  the  seedlings.  A  few  grains  may  be  left,  but  they  have  lost  their 
sharpness  of  outline. 

26.  Oü.  —  The  presence  of  oil  in  any  considerable 
quantity  in  seeds  is  not  as  general  as  is  the  presence  of 
starch,  though  in  many  common  seeds  there  is  a  good 
deal  of  it. 

Sometimes  the  oil  is  sufficiently  abundant  to  make  it 
worth  while  to  extract  it  by  pressure,  as  is  done  with  flax- 
seed,  cotton-seed,  the  seeds  of  some  plants  of  the  cress 
family,  the  *^castor  bean,"  and  other  seeds. 

27.  Dissolving  Oil  from  Ground  Seeds.  —  It  is  not  possi- 
ble  easily  to  show  a  class  how  oil  is  extracted  from  seeds 
by  pressure ;  but  there  are  several  liquids  which  readily 
dissolve  oils  and  yet  have  no  effect  on  starch  and  most  of 
the  other  constituents  of  seeds. 
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EXPERIMENT   IX 

Extraction  of  Oil  by  Ether  or  Benzine.  —  To  a  few  ounces  of 
gronnd  flazseed  add  an  äqual  Yolome  of  ether  or  benzine.  Liet  it 
stand  ten  or  fifteen  minutes  and  theu  filter.  Let  the  liquid  stand  in 
a  saucer  or  evaporating  dish  in  a  good  draught  tili  it  bas  lost  the 
odor  of  the  ether  or  benzine. 

Describe  the  oil  which  you  have  obtained. 

Of  what  use  wonld  it  have  been  to  the  plant? 

If  the  Student  wishes  to  do  this  ezperiment  at  home  for  himself , 
he  should  bear  in  mind  the  following : 

Caution,  —  Never  handle  benzine  or  ether  near  a  flame  or  stove. 

A  much  simpler  experiment  to  find  oil  in  seeds  may  readily  be 
performed  by  the  pupil  at  home.  Put  the  material  to  be  studied,  e.g., 
flazseed  meal,  corn  meal,  wheat  flour,  cotton-seed  meal,  buckwheat 
flour,  oatmeal,  and  so  on,  upon  little  labeled  pieces  of  white  paper, 
one  kind  of  flour  or  meal  on  each  bit  of  paper.  Place  all  the  papers, 
with  their  Contents,  on  a  perfectly  clean  plate,  free  from  cracks,  or 
on  a  clean  sheet  of  iron,  and  put  this  in  an  oven  hot  enough  nearly 
(but  not  quite)  to  scorch  the  paper.  After  half  an  hour  remove  the 
plate  from  the  oven,  shake  off  the  flour  or  meal  from  each  paper,  and 
note  the  results,  a  more  or  less  distinct  grease  spot  shomdng  the 
presence  of  oil,  or  the  absence  of  any  stain  that  there  was  little  or 
no  oil  in  the  seed  examined. 

28.  Albuminous  Substances.  —  Albuminous  substances 
or  Proteids  occur  in  all  seeds,  though  often  only  in  small 
quantities.  They  have  nearly  the  same  chemical  compo- 
sition  as  white  of  egg  and  the  curd  of  milk  among  animal 
substances,  and  äre  essential  to  the  plant,  since  the  liying 
and  growing  parts  of  all  plants  contain  large  quantities  of 
proteid  material. 

Sometimes  the  albuminous  constituents  of  the  seed  occur 
in  more  or  less  regulär  grains  (Fig.  8,  at  Kl) . 

But  much  of  the  proteid  material  of  seeds  is  not  in  any 
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form  in  which  it  can  be  recognized  under  the  microscope. 
One  test  for  its  presence  is  the  peculiar  smell  which  it 
produces  in  buming.  Hair,  wool,  feathers,  leather,  and 
lean  meat  all  produce  a  well-known  sickening  smell  when 
scorched  or  bumed,  and  the  similarity  of  the  proteid  mate- 
rial  in  such  seeds  as  the  bean  and  pea  to  these  substances 
is  shown  by  the  fact  that  scorching  beans  and  similar 
seeds  give  off  the  familiär  smell  of  bumt  feathers. 

29.  Chemical  Tests  for  Proteids.  —  All  proteids  (and 
▼ery  few  other  substances)  are  tumed  yellow  by  nitrio 
acid,  and  this  yellow  color  becomes  deeper  or  even  orange 
when  the  yellowish  substance  is  moistened  with  ammonia. 

'They  are  also  tumed  yellow  by  iodine  Solution.  Most 
'(>roteids  are  tumed  more  or  less  red  by  the  Solution  of 
nitrate  of  mercury  known  as  Millon's  i'eagent.^ 

EXPERIMENT  X 

Detection  ol  Proteids  in  Seeds.  —  Extract  the  germs  from  some 
Boaked  kemels  of  corn  and  bruise  them ;  soak  some  wheat^erm  meal 
for  a  few  honrs  in  warm  water,  or  wash  the  starch  out  of  wheat- 
flonr  dough ;  reserving  the  latter  for  use,  place  it  in  a  white  saucer  or 
porcelain  evaporating  dish,  and  moisten  well  with  Millon's  reagent 
or  with  nitric  acid ;  examine  after  fifteen  minutes. 

30.  The  Brazil-Nut  as  a  Typical  Oüy  Sced.  —  Not  many 
familiär  seeds  are  as  oily  as  the  Brazil-nut.  Its  large  size 
makes  it  convenient  for  examination,  and  the  fact  that  this 
nut  is  good  for  human  food  makes  it  the  more  interesting 
to  investigate  the  kinds  of  plant-food  which  it  contains. 

1  See  Handbook, 


24  FOUNDATIOXS  OF   BOTANT 


EXPERBIEXT  XV 

Testing  Brazfl-NntB  for  PUnt-Foods.  —  Crack  fifteen  or  twenty 
Brazil-nut8,  peel  off  the  brown  coating  from  the  kernel  of  each,  and 
then  grind  the  kemels  to  a  pulp  in  a  mortar.  Shake  up  this  pulp 
with  ether,  pour  upon  a  paper  filter,  and  wash  with  ether  until  the 
washings  when  eraporated  are  nearly  free  from  oiL  The  fiinnel 
containing  the  filter  should  be  kept  covered  as  much  as  possible 
until  the  washing  is  fiuished.  Evaporate  the  filtrate  to  procure  the 
oil,  which  may  afterwards  be  kept  in  a  glaAS-stoppered  bottle.  Dry 
the  powder  ifv'hich  remains  on  the  filter  and  keep  it  in  a  wide- 
mouthed  bottle.  Test  portions  of  this  powder  for  proteids  and  for 
starch.     Explain  the  results  obtained. 

31.  Other  Constituents  of  Seeds.  —  Besides  the  substances 
above  suggested,  others  occur  in  different  seeds.  Some 
of  these  are  of  use  in  feeding  the  seedling,  others  are  of 
value  in  protecting  the  seed  itself  from  being  eaten  by 
animals  or  in  rendering  it  less  liable  to  decay.  In  such 
seeds  as  that  of  the  nutmeg,  the  essential  oil  which  gives 
it  its  characteristie  flavor  probably  makes  it  unpalatable 
to  animals  and  at  the  same  time  preserves  it  from  decay. 

Date  seeds  are  so  hard  and  tough  that  they  cannot  be 
eaten  and  do  not  readily  decay.  Lemon,  orange,  horse- 
chestnut  and  buckeye  seeds  are^  too  bitter  to  be  eaten,  and 
the  seeds  of  the  apple,  cherry,  peach,  and  plum  are  some- 
what  bitter. 

The  seods  of  larkspur,  thom-apple,^  croton,  the  castor- 
oil  phint^  nux  vomica,  and  many  other  kinds  of  plants 
conUün  active  poisons. 

1  Datura,  commonly  called  "  Jimpson  weed." 
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MOVEMEKTS,  DEVELOPMENT,  AND  MORPHOLOGT  OF 
THE  SEEDUNG 

32.  How  the  Seedling  breaks  Ground.  —  As  the  Student 
has  already  leamed  by  his  own  observations,  the  seedling 
does  not  always  push  its  way  straight  out  of  the  ground. 
Com,  like  all  the  other  grains  and  grasses,  it  is  true,  sends 
a  tightly  roUed,  pointed  leaf  vertically  upward  into  the 
air.  But  the  other  seedlings  examined  usually  will  not 
be  f ound  to  do  anything  of  the  sort.  The  squash  seedling 
is  a  good  one  in  whieh  to  study  what  may 
be  called  the  arched  hypocotyl 
type  of  germination.  If  the 
seed  when  planted  is  laid  hori- 
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Pio.  9.~Sucoe88iTe  Stages  in  the  Life  History  of  the  Squash  Seedling. 

OG,  the  snrfaoe  of  the  gronnd  ;  r,  primary  root ;  r',  secondary  root ;  c,  hypocotyl ; 
a,  arch  of  hypocotyl ;  w^  cotyledons. 

zontally  on  one  of  its  broad  surf aces,  it  usually  goes  through 
some  such  changes  of  position  as  are  shown  in  Fig.  9. 
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The  seed  is  gradually  tilted  until,  at  the  time  of  their 
emergence  from  the  ground  (at  (7),  the  cotyledons  are 
almost  vertical.  The  only  part  above  the  ground-line  G^  Cr^ 
at  this  period,  is  the  arched  hypocotyl.  Once  out  of  ground, 
the  cotyledons  soon  rise,  until  (at  U)  they  are  again  ver- 
tical, but  with  the  other  end  up  from  that  which  stood 
highest  in  C,  Then  the  two  cotyledons  separate  until 
they  once  more  lie  horizontal,  pointing  away  from  each 
other. 

Can  you  suggest  any  advantage  which  the  plant  derives 
from  having  the  cotyledons  dragged  out  of  the  ground 
rather  than  having  them  pushed  out,  tips  first  ? 

33.  Cause  of  the  Arch.  —  It  is  evident  that  a  flexible 
object  like  the  hypocotyl,  when  pushed  upward  through  the 
earth,  might  easily  be  beut  into  an  arch  or  loop.  Whether 
the  shape  which  the  hypocotyl  assumes  is  wholly  caused 
by  the  resistance  of  the  soil  can  best  be  ascertained  by 
an  experiment. 

EXPERIMENT  XII 

Is  the  Arch  of  the  Hypocotyl  due  to  the  Pressure  of  the  Soil  on  the 
Rising  Cotyledons  ?  —  Sprout  some  squash  seeds  on  wet  paper  ander 
a  bell-glass,  and  when  the  root  is  an  inch  or  more  long,  hang  several 
of  the  seedlings,  roots  down,  in  little  stirrups  made  of  soft  twine, 
attached  by  beeswax  and  rosin  mixture  to  the  inside  of  the  upper 
part  of  a  bell-glass.  Put  the  bell-glass  on  a  large  plate  or  a  sheet  of 
glass  on  which  lies  wet  pai)er  to  keep  the  air  moist.  Note  whether 
the  seedlings  form  hypocotyl  arches  at  all  and,  if  so,  whether  the 
arch  is  more  or  less  perfect  than  that  formed  by  seedlings  growing 
in  earth,  sand,  or  sawdust. 

34.  What  pushes  the  Cotyledons  up?  —  A  very  little 
study  of  any  set  of  squash  seedlings,  or  even  of  Fig.  9,  is 
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sufficient  to  show  that  the  portion  of  the  plant  where 
roots  and  hypocotyl  are  joined  neither  rises  nor  sinks,  but 
that  the  plant  grows  both  ways  from  this  part  (a  little 
above  r'  in  Fig.  9,  A  and  B).  It  is  evident  that  as  soon  as 
the  hypocotyl  begins  to  lengthen  much  it  must  do  one  of 
two  things :  either  push  the  cotyledons  out  into  the  air  or 
eise  force  the  root  down  into  the  ground  as  one  might 
push  a  stake  down.  What  changes  does  the  plantlet 
undergo,  in  passing  from  the  stage  shown  at  ^  to  that 
of  B  and  of  C^,  making  it  harder  and  harder  for  the  root 
to  be  thrust  down  ward? 

35.  Use  of  the  Peg.  —  Squash  seedlings  usually  (though 
not  always)  form  a  sort  of  knob  on  the  hypocotyl.  This  is 
known  as  the  peg.  Study  a  good  many  seedlings  and  try 
to  find  out  what  the  lengthening  of  the  hypocotyl,  between 
the  peg  and  the  bases  of  the  cotyledons,  does  for  the  little 
plant.  Set  a  lot  of  squash  seeds,  hilum  down,  in  moist 
Band  or  sawdust  and  see  whether  the  peg  is  more  or  less 
developed  than  in  seeds  sprouted  lying  on  their  sides,  and 
whether  the  cotyledons  in  the  case  of  the  vertically  planted 
seeds  usually  come  out  of  the  ground  in  the  same  condi- 
tion  as  do  those  shown  in  Fig.  9. 

36.  Dlscrimination  between  Root  and  Hypocotyl.  —  It  is 
not  always  easy  to  decide  by  their  appearance  and  be- 
havior  what  part  of  the  seedling  is  root  and  what  pai-t  is 
hypocotyl.  In  a  seedling  visibly  beginning  to  germinate, 
the  sprout,  as  it  is  commonly  called,  which  projects  from 
the  seed  might  be  either  root  or  hypocotyl  or  might  consist 
of  both  together,  so  far  as  its  appearance  is  concerned.  A 
microscopic  study  of  the  cross-section  of  a  root,  compared 
with  one  of  the  hypocotyl,  would  show  decided  differences 
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of  structure  between  the  two.  Their  mode  of  growth  is 
also  different,  as  the  pupil  may  infer  after  he  has  tried 
Exp.  XIV. 

37.  Discrimination  by  Staining.  —  For  some  reason,  per- 
haps  because  the  skin  or  epidermis  of  the  young  root  is 
not  so  water-proof  as  that  of  the  stem,  the  former  stains 
more  easily  than  the  latter  does. 

EXPERIMENT  XIII 

The  Permanganate  Test.  —  Make  a  Solution  of  potassium  perman- 
ganate  in  water,  by  adding  about  f our  parte,  by  weight,  of  the  crystal- 
lized  permanganate  to  100  parts  of  water.  Drop  into  the  Solution 
seedlings,  e.g.,  of  all  the  kinds  that  have  been  so  far  studied,  each  in 
its  earliest  stage  of  germination  (that  is,  when  the  root  or  hypocotyl 
has  pushed  out  of  the  seed  half  an  inch  or  less),  and  also  at  one  or 
two  subsequent  stages.  After  the  seedlings  have  been  in  the  Solu- 
tion from  three  to  five  minutes,  or  as  soon  as  the  roots  are  consider- 
ably  stained,  pour  ofE  (and  save)  the  Solution  and  rinse  the  plants 
with  plenty  of  clear  water.  Sketch  one  speciinen  of  each  kind,  col- 
oring  the  brown-stained  part,  which  is  root,  in  some  way  so  as  to 
distinguish  it  from  the  unstained  hypocotyl.  Note  particularly  how 
much  difEerence  there  is  in  the  amount  of  lengthening  in  the  several 
kinds  of  hypocotyl  examined.  Decide  whether  the  peg  of  the  squash 
seedling  is  an  outgrowth  of  hypocotyl  or  of  root 

38.  Disposition  made  of  the  Cotyledons.  —  As  soon  as 
the  young  plants  of  squash,  bean,  and  pea  have  reached 
a  height  of  three  or  four  inches  above  the  ground  it  is 
easy  to  recognize  important  differences  in  the  way  in 
which  they  set  out  in  life. 

The  cotyledons  of  the  squash  increase  greatly  in  sur- 
face,  acquire  a  green  color  and  a  generally  leaf-like  appear- 
ance,  and,  in  faet,  do  the  work  of  ordinary  leaves.     In 
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such  a  case  as  this  the  appropriateness  of  the  name  seed- 
haf  is  evident  enough,  —  one  recognizes  at  sight  the  faet 
that  the  cotyledons  are  actually  the  plant's  first  leaves. 
In  the  bean  the  leaf-like  nature  of  the  cotyledons  is  not 
so  clear.  They  rise  out  of  the  ground  like  the  squash 
cotyledons,  but  then  gradually  shrivel  away,  though  they 
may-  first  tum  green  and  somewhat  leaf-like  f or  a  time. 

In  the  pea  (as  in  the  acorn,  the  horse-chestnut,  and 
many  other  seeds)  we  have  quite  another  plan,  the  Under- 
ground type  of  germination.  Here  the  thick  cotyledons 
no  longer  rise  above  ground  at  all,  because  they  are  so 
gorged  with  food  that  they  could  never  become  leaves; 
but  the  young  stem  pushes  rapidly  up  from  the  surface 
of  the  soil. 

The  development  of  the  plumule  seems  to  depend  some- 
what on  that  of  the  cotyledons.  The  squash  seed  has 
cotyledons  which  are  not  too  thick  to  become  useful  leaves, 
and  so  the  plant  is  in  no  special  haste  to  get  ready  any 
other  leaves.  The  plumule,  therefore,  cannot  be  found 
with  the  magnifying  glass  in  the  unsprouted  seed,  and  is 
almost  microscopic  in  size  at  the  time  when  the  hypocotyl 
begins  to  show  outside  of  the  seed-coats. 

In  the  bean  and  pea,  on  the  other  band,  since  the  cotyle- 
dons cannot  serve  as  foliage  leaves,  the  later  leaves  must 
be  pushed  forward  rapidly.  In  the  bean  the  first  pair  are 
already  well  formed  in  the  seed.  In  the  pea  they  cannot 
be  clearly  made  out,  since  the  young  plant  forms  several 
scales  on  its  stem  before  it  produces  any  fuUnsized  leaves;, 
and  the  embryo  contains  only  hypocotyl,  cotyledons,  and  a 
sort  of  knobbed  plumule,  well  developed  in  point  of  size, 
representing  the  lower  scaly  part  of  the  stem. 
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39.  Root|  Stenii  and  Leaf .  —  By  the  time  the  seedling  is 
well  out  of  the  groTind  it,  in  most  cases,  poBsesses  the  three 
kinds  of  vegetative  arffanSj  or  parts  essential  to  growth»  of 
ordinaiy  flowering  plants,  t.«.,  the  root,  stem,  and  leaf,  or, 
as  they  are  sometimes  classified,  root  and  shoot.  All  of 
these  Organs  may  multiply  and  increase  in  size  as  the 
plant  grows  older,  and  their  matnre  structure  will  be 
studied  in  later  chapters,  but  some  facts  conceming  them 
can  best  be  learned  by  watching  their  growth  from  the 
outset. 

40.  Toung  Roots  grown  f or  Ezamination.  —  Roots  grow- 
ing  in  sand  or  ordinär}^  soil  eling  to  its  particles  so  tena- 
ciously  that  they  cannot  easily  be  studied,  and  those  grown 
in  water  have  not  quite  the  same  form  as  soil-roots.  Roots 
grown  in  damp  air  are  best  adapted  for  careful  study. 

41.  Eiongation  of  the  Root.  —  \Ve  know  that  the  roots 
of  seedlings  grow  pretty  rapidly  from  the  faet  that  eaeh 
day  finds  them  reaching  visibly  farther  down  into  the 
water  or  other  medium  in  whieh  they  are  planted.  A 
sprouted  Windsor  bean  in  a  vertical  thistle-tube  will  send 
its  root  downward  fast  enough  so  that  ten  minutes'  watch- 
ing through  the  microscope  will  suffice  to  show  growth. 
To  find  out  just  where  the  growth  goes  on  requires  a 
special  experiment 

EXPERIMEXT  XIV 

In  what  Portions  of  the  Root  does  its  Increase  in  Length  take  Place  ? 
—  Sprout  some  peas  on  moist  blotting  paper  in  a  loosely  covered  tum. 
bler.  When  the  roots  are  one  and  a  half  iuches  or  more  long,  mark 
them  along  the  whole  length  with  little  dots  made  with  a  bristle 
dipped  in  water-proof  India  ink,  or  a  fine  iuked  thread  stretched  ou 
a  little  bow  of  whalebone  or  brass  wire. 
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Transfer  the  plants  to  moist  blotting  paper  under  a  bell-glass  or 
an  inverted  battery  jar  and  examine  the  roots  at  the  end  of  twenty- 
f our  houis  to  see  along  what  portions  their  leng^h  has  increased ; 
continue  obsenrations  on  them  for  several  days. 

42.  Root-Hairs.  —  Barley,  oats,  wheat,  red  clover,  or 
buckwheat  seeds  soaked  and  then  sprouted  on  moist 
blotting  paper  afford  convenient  material  for  studying 
rootrJtair».  The  seeds  may  be  kept  covered  with  a  watch-, 
glass  or  a  clock-glass  while  sprouting.  After  they  have 
begun  to  germinate  well,  care  must  be  taken  not  to 
have  them  kept  in  too  moist  an  atmosphere,  or  very  few 
root-hairs  will  be  formed.  Examine  with  the  magni- 
fying  glass  those  parts  of  the  root  which  have  these 
appendages. 

Try  to  find  out  whether  all  the  portions  of  the  root  are 
equally  covered  with  hairs  and,  if  not,  where  they  are 
most  abundant.     (See  also  Sect.  53.) 

The  root-hairs  in  plants  growing  under  ordinary  condi- 
tions  are  surrounded  by  the  moist  soil  and  wrap  them- 
selves  around  microscopical  particles  of  earth  (Fig.  11). 
Thus  they  are  able  rapidly  to  absorb  through  their  thin 
walk  the  soil-water,  with  whatever  mineral  substances  it 
has  dissolved  in  it. 

43.  The  Young  Stern.  —  The  hypocotyl,  or  portion  of 
the  Stern  which  lies  below  the  cotyledons,  is  the  earliest 
formed  portion  of  the  stem.  Sometimes  this  lengthens  but 
little ;  often,  however,  as  the  Student  knows  f rom  his  own 
observations,  the  hypocotyl  lengthens  enough  to  raise  the 
cotjrledons  well  above  ground,  as  in  Fig.  10. 

The  later  portions  of  the  stem  are  considered  to  be 
divided  into  successive  nodeB^  —  places  at  which  a  leaf  (or 
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a  Scale  which  represents  a  leaft  appears ;  and  internodeSy — 
portions  between  the  leaves./ 

The  Student  should  watch  the  growth  of  a  seedling 
bean  or  pea  and  ascertain  by  actual  measurements  whether 
the  internodes  lengthen  after  they  have  once  been  formed, 
and  i£  so,  for  how  long  a  time  the  increase  continues. 


Fio.  10.  Fig.  11. 

Fig.  10.  —  A  Tumlp  Seedliog,  with  the  Cotyledon«  developcd  into  Temporary  Leaves. 
h,  root-hairg  from  the  primary  root ;  6,  bare  portion  o£  the  root,  on  vhlch  no 
haire  have  as  yet  been  produced. 

Fig.  11.  —  Cross-Section  of  a  Root,  a  good  deal  magnifled,  Bhowing  root-hairs  attached 
to  particlea  of  soll,  and  sometimes  cnwrapping  these  particles. 

44.  The  First  Leaves.  —  The  cotyledons  are,  as  already 
explained,  the  first  leaves  which  the  seedling  possesses,  — 
even  if  a  plumule  is  found  well  developed  in  the  seed,  it 
was  formed  after  the  cotyledons.  In  those  plants  which 
have  so  much  food  stored  in  the  cotyledons  as  to  render 
these  unfit  ever  to  become  useful  foliage  leaves,  there  is 
little  or  nothing  in  the  color,  shape,  or  general  appearance 
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of  the  cotyledon  to  make  one  think  it  really  a  leaf,  and  it 
is  only  by  studying  many  cases  that  the  botanist  is  enabled 
to  class  all  cotyledons  as  leaves  in  their  nature,  even  if  they 
are  quite  unftble  to  do  the  ordinary  work  of  leaves.  The 
study  of  the  various  forms  which  the  parts  or  organs  of  a 
plant  may  assume  is  called  morphology  ;  it  traces  the  rela- 
tionship  of  parts  which  are  really  akin  to  each  other, 
though  dissimilar  in  appearance  and  often  in  function. 
In  seeds  which  have  endo$perm^  or  food  stored  outside  of 
the  embryo,  the  cotyledons  usually  become  gfreen  and 
leaf-like,  as  they  do,  for  example,  in  the  four-o'clock,  the 
moming-glory,  and  the  buckwheat ;  but  in  the  seeds  of 
the  grains  (which  contain  endosperm)  a  large  portion  of 
the  Single  cotyledon  remains  throughout  as  a  thickish 
mass  buried  in  the  seed.  In  a  few  cases,  as  in  the  pea, 
there  are  scales  instead  of  true  leaves  formed  on  the  first 
nodes  above  the  cotyledons,  and  it  is  only  at  about  the 
third  node  above  that  leaves  of  the  ordinary  cp 

kind  appear.  In  the  bean  and  some  other 
plants  which  in  general  bear  one  leaf  at  a 
node  along  the  stem,  there  is  a  pair  produced 
at  the  first  node  above  the  cotyledons,  and 
the  leaves  of  this  pair  differ  in  shape  from 
those  which  arise  from  the  succeeding  por- 
tions  of  the  stem. 

45.   Classification  of  Plants  by  the  Number 
of  their  Cotyledons. — In  the  pine  family  the    Fio.io^Ger. 
germinating  seed  often  displays  more   than    minating  pine. 
two  cotyledons,  as  shown  in  Fig.  12 ;  in  the     ^'  ®^*y^®^^°"- 
majority   of    common    flowering    plants    the    seed    con- 
tains  two  cotyledons,  while  in  the  lilies,  the  rushes,  the 
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sedges,  the  grasses,  and  some  other  plants,  there  is  bat  one 
cotyledon.  Upon  these  üacts  is  based  the  dirision  of  most 
flowering  plante  into  two  great  groups :  the  dicotyledonouM 
platUM^  which  have  two  seed-leaves,  and  the  monocotyledoU' 
ou$  planU,  which  have  one  seed-leaf.  Other  important 
differences  nearly  always  accompany  the  difference  in 
number  of  cotyledons,  as  will  be  seen  later. 

46.  Tatralar  Review  of  Experiments.  —  Make  out  a 
table  containing  a  very  brief  summary  of  the  experiments 
thus  far  performed,  as  f ollows : 


NüMBSB 

or 

EXPB&OCKirT 


Objxct 

BOCOHT 


Materiaub 

AXD 

Appabatus 


Opeba- 

TIOK8 
PEBFOBMKD 


BB8ÜLT8 


IKPEBBXCKS 


47.  Review  Sketches.  —  Make  out  a  comparison  of  the 
early  Ufa  histories  of  all  the  other  seedlings  studied,  by 
arranging  in  parallel  columns  a  series  of  drawings  of  eaeh, 
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like  those  of  Fig.  9,  but  in  vertical  series,  the  youngest 
of  each  at  the  top,  thus : 


Bean 


Pea 


CORN 


First  Staoe 

Second  Staoe 

i 

1 

1 

i 

Third  Staoe 

FouRTH  Staoe 

Fifth  Staoe 

ETC. 

CHAPTER  IV 
ROOTS^ 

48.  Origin  of  Roots.  —  The  primary  root  originates  from 
the  Iower  end  of  the  hypocotyl,  as  the  Student  leamed 
from  his  own  observations  on  sprouting  seeds.  The 
branches  of  the  primaiy  root  are  called  aecondary  roots^ 
and  the  branches  of  these  are  known  as  tertiary  roots. 
Those  roots  which  oeeur  on  the  stem  or  in  other  unusual 
places  are  known  as  adventitious  roots,  The  roots  which 
form  so  readily  on  cuttings  of  willow,  southemwood, 
trop8Bolum,  French  marigold,  geranium  (pelargonium), 
tradescantia,  and  many  other  plante,  when  placed  in  damp 
earth  or  water,  are  adventitious. 

49.  Aerial  Roots.  —  While  the  roots  of  most  familiär 
plants  grow  in  the  earth  and  are  known  as  soil-roots^  there 
are  others  which  are  formed  in  the  air,  called  aericil  roots. 
They  serve  various  purposes :  in  some  tropical  air-plants 
(Fig.  13)  they  serve  to  fasten  the  plant  to  the  tree  on 
which  it  establishes  itself,  as  well  as  to  take  in  water  which 
drips  from  branches  and  trunks  above  them,  so  that  these 
plants  require  no  soil  and  grow  in  mid-air  suspended  from 
trees,  which  serve  them  merely  as  supports  ;  *  many  such 

1  To  the  plant  the  root  is  more  important  than  the  stem.  The  author  has, 
however,  treated  the  stmcture  of  the  latter  more  f  ully  than  that  of  the  root, 
mainly  hecause  the  tissaes  are  more  varied  in  the  stem  and  a  moderate  knowl- 
edge  of  the  more  complex  anatomy  of  the  stem  will  serve  every  purpose. 

^  If  it  can  he  conyeniently  managed,  the  class  will  find  it  highly  intereating 
and  profitable  to  visit  any  greenhouse  of  considerable  size,  in  which  the  aerial 
roots  of  orchids  and  aroids  may  he  examined. 

36 


ROOTS 


37 


air-plants  are  grown  in  g^enhouses.  In  such  plants  as  the 
ivy  (Fig.  15)  tiie  aerial  roots  (which  are  also  adventitious) 
hold  the  plant  to  the  wall  or  other  surf ace  up  which  it  climbs. 

In  the  Indian  corn  (Fig.  14)  roots  are  sent  out  from 
nodes  at  some  dis- 
tance  above  the 
ground  and  finally 
descend  until  they 
enter  the  ground. 
They  serve  both  to 
anchor  the  comstalk 
so  as  to  enable  it  to 
resist  the  wind  and 
to  supply  additional 
water  to  the  plant.^ 
They  often  produce 
no  rootlets  until  they 
reach  the  ground. 

50.  Water-Roots.  - 
plants,  such  as  the  willow, 
readily  adapt  their  rootw  to 
live  either  in  earth  or  in  wuter» 
and  some,  like  the  little  floate 
ing  duckweed,  regularly  pro- 
duce roots  which  are  a<l;ipted  to  live  in  water 
only.  These  water-roots  often  show  Lirge  and 
distinct  sheaths  on  the  ends  of  the  roots,  as,  for  instance, 
in  the  so-called  water-hyacinth.  This  plant  is  especially 
interesting  for  laboratory  cultivation  from  the  fact  that 


liootB  uf  «m  üri^UhL 


1  Specimens  of  the  lower  part  of  the  comstalk,  with  ordinary  roots  and 
aerial  roots,  sbonld  be  dried  and  kept  for  class  study. 
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PlO.  14.  —  Lower  Part  of  Stern  and  Koot8  of  Iiidiau  Com.sboviDg  Aerial 
Boots  ( "  Brace-Roots  " ). 
c,  Intemodes  of  the  Btem  ;  6,  (i,  «,/,  nodesof  Tarioiuagebearingroots.    Mostof 
•tarted  aa  aerial  roots,  but  all  except  those  from  b  have  now  reached  tbe  earth. 
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it  may  readily  be  transferred  to  moderately  damp  soil, 
and  that  the  whole  plant  presents  curious  modifications 
when  made  to  grow  in  earth  instead  of  water. 

51.  Parasitic  Roots.^  —  The  dodder,  the  mistletoe,  and  a 
good  many  other  parasite»^  live  upon  nourishment  which 
they  steal  from  other  plants,  called  hosts,     The  parasitic 


Fio.  lö.  —  Aerial  AdveDtitlous  Roots  of  the  Ivy. 

roots,  or  hanstoria^  form  the  most  intimate  eonnections 
with  the  interior  portions  of  the  stem  or  the  root,  as  the 
case  may  be,  of  the  host-plant  on  which  the  parasite 
fastens  itself. 

In  the  dodder,  as  is  shown  in  Fig.  16,  it  is  most  inter- 
esting  to  notice  how  admirably  the  seedling  parasite  is 
adapted  to  the  conditions  under  which  it  is  to  live.    Rooted 

1  SeeKerner  and  Oliver's  Katural  Bistory  of  Plants,  Vol.  I,  pp.  171-218. 
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at  first  in  the  ground,  it  develops  a  elender,  leafless  stem, 
which,  leaning  this  way  and  that,  no  sooner  comes  into 


ABC 

YiQ.  16.  —  Dodder,  growing  upon  a  Qolden-Bod  Stem. 

«,  teedling  dodder  plants,  growing  in  earth ;  A,  stem  of  boBt ;  r,  haiistoria  or 
paruitic  roots  of  dodder ;  I,  scale-like  leaves.  A^  magnifled  Bection  of  a  por- 
tion  of  willow  stem,  showing  peuetration  of  haustoria. 

permanent  contact  with  a  congenial  host  than  it  produces 
haustoria  at  many  points,  gives  up  further  growth  in  its 
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soil-roots,  and  grows  rapidly  on  the  strength  of  the  sup- 
plies  of  ready-made  aap  which  it  obtains  from  the  host. 

52.    Forms  of  Roots The  primary  root  is  that  which 

proceeds  like  a  downward  Prolongation  directly  from  the 
lower  end  of  the  hypocotyl.  In  many  cases  the  mature  root- 
system  of  the  plant  contains  one  main  root  much  larger 
than  any  of  its  branches.    This  is  called  a  taproot  (Fig.  17). 

Such  a  root,  if  much  thickened,  would  assume  the  form 


^y  Y 


Fio.  17.  —  A  Taproot.        FiQ.  18.  —  Flbroua  RooUi.         FlQ.  19.  —  Ftocicled  Roots. 

shown  in  the  carrot,  parsnip,  beet,  turnip,  salsify,  or  radish, 
and  is  called  a  fleshy  root.  Some  plants  produce  multiple 
primary  roots,  that  is,  a  Cluster  proceeding  from  the  lower 
end  of  the  hypocotyl  at  the  outset.  If  such  roots  become 
thickened,  like  those  of  the  sweet  potato  and  the  dahlia 
(Fig.  19),  they  are  known  as  fascicled  roots. 

Roots  of  grasses,  etc.,  are  thread-like,  and  known  as 
fibrovs  roots  (Fig.  18). 

53.   General  Structure  of  Roots The  structure  of  the 

very  young  root  can  be  partially  made  out  by  examining 
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the  entire  root  with  a  moderate  magnifying  power,  since 
the  whole  is  suffieiently  translucent  to  allow  the  interior 
as  well  BS  the  exterior  portion  to  be  studied  while  the  root 
is  still  alive  and  growing. 

Place  some  vigorous  cuttings  of  tradescantia  or  Zebrina,  which* 
can  usually  be  obtained  of  a  gardener  or  Aorist,  in  a  beaker  or  jar  of 

water.^    The  jar  should 
^  pf       ^ * _^       p'O  be  as  tbin  and  trans- 

parent as  poBsible,  and 
it  is  well  to  get  a  flat- 
sided  rather  than  a 
cylindrical  one.  Leave 
the  jar  of  cuttings  in 
a  sunny,  warm  place. 
As  soon  as  roots  bave 
developed  at  the  nodes 
and  reached  the  length 
of  three-quarters  of  an 
inch  or  more,  arrange 
a  microscope  in  a  hori- 
zontal Position  (see 
Handhook)  y  and  exam- 
ine  the  tip  and  adjacent 
portion  of  one  of  the 
young  roots  with  a 
power  of  from  twelve 
to  twenty  diameters. 
Note: 

(a)  The  root-cap, 

of    loosely 

attached  cells. 

(h)  The  central 

cylinder. 

1  If  the  tradescantia  or  Zehrina  cannot  be  obtained,  roots  of  seedlings  of 
oats,  wheat,  or  barley,  or  of  red-olover  seedlings  ralsed  in  a  large  covered  cell 
on  a  microscope  slide,  may  be  used. 


Fio.  20.  —  Length wiso   Section    (somcwhat   diagrain- 
matte)  throngh  Root-Tip  of  Indian  Corn.   x  about  130. 

IT,  root-cap ;  j,  younger  partof  cap  ;  «,  dead  cells  sepa- 
rating  from  cap  ;  «,  growing  point ;  n,  epiderm's  ;  p\ 
intermediate  layer  Iwtween  epidermis  and  central 
cylinder ;  />,  central  cylinder ;  rf,  layer  from  which 
the  root-cap  originatei. 
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(c)  The  cortical  portion,  a  tubulär  part  enclosing  the  solid 
central  cylinder. 

(c/)  The  root-hairs,  which  cover  some  parts  of  the  outer  layer  of 
the  cortical  portion  very  tfaickly.  Obaerve  particularly 
how  f ar  toward  the  tip  of  the  root  the  root-hairs  extend, 
and  where  the  youngest  ones  are  found. 

Make  a  drawing  to  illuBtrate  all  the  points  above  suggested 
(a,  b,  c,  d),  Compare  your  drawing  with  Fig.  20.  Make  a  caref  ul 
study  of  longitudinal  sections  through  the  centers  of  the  tips  of  very 
young  roots  of  the  hyacinth  or  the  Chinese  sacred  lily.  Sketch 
one  section  and  compare  the  sketch  with  Fig.  20. 

Make  a  study  of  the  roots  of  any  of  the  common  duckweeds, 
growing  in  nutrient  Solution  in  a  jar  of  water  under  a  bell-glass,  and 
note  the  curious  root-pockets  which  here  take  the  place  of  rootKjaps. 

54.  Details  of  Root-Structure.  —  The  plan  on  which  the 
young  root  is  built  has  been  outlined  in  Sect.  53.  A  few 
further  particulars  are  necessary  to  an  understanding  of 
how  the  root  does  its  work.  On  exainining  Fig.  21  the 
cylinders  of  which  the  root  is  made  up  are  easily  dis- 
tinguished,  and  the  main  constituent  parts  of  each  can  be 
made  out  without  much  trouble.  The  epidennis-cells  are 
Seen  to  be  somewhat  brick-shaped,  many  of  them  provided 
with  extensions  into  root-hairs.  Inside  the  epidermis  lie 
several  layers  of  rather  globular,  thin-walled  cells,  and 
inside  these  a  boundary  layer  between  the  cortical  or  bark 
portion  of  the  root  and  the  central  cylinder.  This  latter 
region  is  especially  marked  by  the  presence  of  certain 
groups  of  cells,  shown  at  w  and  d  and  at  ft,  the  two 
former  serving  as  Channels  for  air  and  water,  the  latter 
(and  w  also)  giving  toughness  to  the  root. 

Iloots  of  shrubs  and  trees  more  than  a  year  old  will 
be  found  to  have  increased  in  thickness  by  the  process 
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described  in  Sect.  106,  and  a  section  may  look  quite  unlike 
the  young  roolnäection  shown  in  Fig.  21. 

55.  Examination  of  the  Root  of  a  Shrub  or  Tree. — Cut  thin 
transverse  sections  of  large  and  small  roots  of  any  hardwood  tree  ^ 
and  examine  them  first  with  a  low  power  of  the  microscope,  as  a 
two-inch  objective,  to  get  the  general  disposition  of  the  parta,  then 

with  a  higher  power, 
as  the  half-inch  or 
quarter-inch,  for  de- 
tails.  With  the  low 
power,  note: 

(a)  The  brown 
layer  of  outer  bark. 

(b)  The  paler  layer 
within  this. 

(c)  The  Woody  cyl- 
inder  which  forma 
the  central  ix)rtion  of 
the  root. 

The  distinction  be- 
tween  (h)  and  (c)  is 
more  evident  when 
the  section  has  been 
exposed  to  the  air  for 
a    few  minutes    and 


Fio.  21.  —  Mucb  Magnified  Cross-Section  of  a 
Very  Toang  DicotyledonouB  Root. 


A,  root-hain  with  adhering  bits  of  sand  ;  c,  epidermis ;    changed  somewhat  in 
8,  thin-walled,  nearly  globular  cells  of  bark  ;  6,  hard        i  Tf    '  1 

ba«t;  c,cambium;  tt7,wood^lli;  d,duct«.  ^^^^^'      ^^    ^^    *    ^^^ 

plan  to  look  with  the 

low  power  first  at  a  thick  section,  viewed  as  an  opaque  object,  and 

then  at  a  very  thin  one  mounted  in  water  or  glycerine,  and  viewed  as 

a  transparent  object. 

Observe  the  cut-off  ends  of  the  ductSj  or  vessels,  which  serve  ac 

passages  for  air  and  water  to  travel  through ;  these  appear  as  holes  in 

the  section,  and  are  much  more  abundant  relatively  in  the  young 

1  YouDg  BUckers  of  cherry,  apple,  etc.,  which  may  be  pnlled  up  by  the 
roots,  will  a£Ford  ezcellent  material. 
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than  in  the  older  and  larger  portions  of  the  root  Sketch  one  section 
of  each  kind. 

Examine  with  a  higher  power  (100  to  200  diameters),  and  note  the 
ends  of  the  thick-walled  wood-cells.     Compare  these  with  Fig.  72. 

Notice  the  many  thinner-walled  cells  composing  stripes  radiating 
away  from  the  center  of  the  root.  These  bands  are  the  medullary 
raysj  whose  mode  of  origin  is  shown  in  Fig.  68.  Meisten  some  of 
the  sections  with  iodine  Solution,^  and  note  where  the  blue  color 
shows  the  presence  of  starch.  Split  some  portions  of  the  root  through 
the  middle,  cut  thin  sections  from  the  split  surf ace,  and  examine  with 
the  high  power  some  unstained  and  some  stained  with  iodine. 

Kotice  the  appearance  of  the  wood-cells  and  the  ducts  as  seen  in 
these  sections,  and  compare  with  Fig.  58.^ 

56.  Structure  and  Contents  of  a  Fleshy  Root.  —  In  some 
fleshy  poots,  such  as  the  beet,  the  moi^hology  of  the  parts 
is  rather  puzzling,  since  they  form  many  layers  of  tissue 
in  a  Single  season,  showing  on  the  cross-section  of  the  root 
a  series  of  layera  which  look  a  little  like  the  annual  rings 
of  trees. 

The  structure  of  the  tumip,  radish,  carrot,  and  parsnip 
is  simpler. 

Cut  a  parsnip  across  a  good  deal  below  the  middle,  and  stand  the 
cut  end  in  eosin  Solution  for  twenty-four  hours. 

Then  examine  by  slicing  off  successive  portions  from  the  upper 
end.  Sketch  some  of  the  sections  thus  made.  Cut  one  parsnip 
lengthwise  and  sketch  the  section  obtained.  In  what  portion  of  the 
root  did  the  colored  liquid  rise  most  readily  ?  The  ring  of  red  marks 
the  boundary  between  the  cortical  portion  and  the  central  cylinder. 
To  which  does  the  main  bulk  of  the  parsnip  belong?  Cut  thin 
transyerse  sections  from  an  ink-stained  parsnip  aud  notice  how  the 
medullary  rays  run  out  into  the  cortical  portion,  and  in  those  sections 

1  If  the  roots  are  in  their  winter  condition. 

3  The  examination  of  the  minnte  structure  of  the  root  is  pnrposely  made 
rery  hutj,  since  the  detailed  study  of  the  structural  elements  can  he  made  to 
better  advantage  in  the  stem. 
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that  show  it,  find  out  where  the  secondary  roots  arise.  If  possible, 
peel  off  the  cortical  portion  from  one  stained  root  and  leave  the  cen- 
tral cylinder  with  the  secondary  roots  attached.  Stain  one  section 
with  iodine,  and  sketch  it.  Where  is  the  starch  of  this  root  mainly 
stored  ? 

Test  some  bits  of  parsnip  for  proteids,  by  boiling  them  for  a 
minute  or  two  with  strong  nitric  acid. 

What  kind  of  plant-food  does  the  taste  of  cooked  parsnips  show 
them  to  contain  ?  [On  no  acconnt  taste  the  bits  which  have  been 
boiled  in  the  "poisonous  nitric  acid.] 

57.  Storage  in  Other  Roots.  —  The  parsnip  is  by  no 
means  a  remarkable  plant  in  its  capacity  for  root-storage. 
The  roots  of  the  yam  and  the  sweet  potato  contain  a  good 
deal  of  sugar  and  much  more  starch  than  is  found.  in  the 
parsnip.  Beet-roots  contain  so  much  sugar  that  a  large 
part  of  the  sugar  supply  of  Europe  and  an  increasing 
portion  of  our  own  supply  is  obtained  from  them.  Of ten- 
times  the  bulk  of  a  fleshy  root  is  exceedingly  large  as 
compared  with  that  of  the  parts  of  the  plant  above 
ground. 

The  South  African  plant  {Harpagophytum^  Chapter 
XXIV)  is  a  good  example  of  this,  and  another  instance 
is  that  of  a  plant,^  related  to  the  morning-glory  and  the 
sweet  potato,  found  in  the  southeastern  United  States, 
which  has  a  root  of  forty  or  fifty  pounds  weight. 

Not  infrequently  roots  have  a  bitter  or  nauseous  taste, 
as  in  the  case  of  the  chicory,  the  dandelion,  and  the 
rhubarb,  and  a  good  many,  like  the  monkshood,  the  yellow 
Jasmine,  and  the  pinkroot,  are  poisonous.  Can  you  give 
any  reason  why  the  plant  may  be  benefited  by  the  disgust- 
ing  taste  or  poisonous  nature  of  its  roots  ?  \ 
1  Ipomoea  JcUapa, 
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58.  Use  of  the  Food  stored  in  Fleshy  Roots.  —  The 
parsnip,  beet,  carrot,  and  turnip  are  biennial  plants;  that 
is,  they  do  not  produce  seed  until  the  second  summer  or 
fall  after  they  are  planted. 

The  first  season's  work  consists  mainly  in  producing  the 
food  which  is  stored  in  the  roots.  To  such  stoi-age  is 
due  their  characteristie  fleshy  appear- 
ance.  I£  this  root  is  planted  in  the 
foUowing  spring,  it  feeds  the  rapidly 
growing  stem  which  proceeds  from  the 
bud  at  its  summit,  and  an  abundant 
crop  of  flowers  and  seed  soon  follows ; 
while  the  root,  if  examined  in  late  sum- 
mer, will  be  found  to  be  withered,  with 
its  Store  of  reserve  material  quite  ex- 
hausted. 

The  roots  of  the  rhubarb  (Fig.  22), 
the  sweet  potato,  and  of  a  multitude  of 
other  perenniah^  or  plants  which  live 
for  many  years,  contain  much  stored 
plant-food.  Many  such  plants  die  to 
the  ground  at  the  beginning  of  winter, 
and  in  spring  make  a  rapid  growth  from  the  materials  laid 
up  in  the  roots. 

59.  Extent  of  the  Root-System.  —  The  total  length  of 
the  roots  of  oi-dinary  plants  is  much  greater  than  is  usually 
Bupposed.  They  are  so  closely  packed  in  the  earth  that 
only  a  few  of  the  roots  are  seen  at  a  time  during  the 
process  of  transplanting,  and  when  a  plant  is  puUed  or  dug 
up  in  the  ordinary  way,  a  large  part  of  the  whole  mass  of 
roots  is  broken  off  and  left  behind.     A  few  plante  have 


Fio.  22.  — Fleahy  Roots 

of  Garden  Uliuburb. 

(About  one-dfteenth 

natural  size.) 
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been  carefully  studied  to  ascertain  the  total  weight  and 
length  of  the  roots.  Those  of  winter  wheat  have  been 
found  to  extend  to  a  depth  of  seven  feet.  By  weighing 
the  whole  ^oot^system  of  a  plant  and  then  weighing  a 
known  length  of  a  root  of  average  diameter,  the  total 
length  of  the  roots  may  be  estimated.  In  this  way  the 
roots  of  an  oat  plant  have  been  calculated  to  measure 
about  164  feet ;  that  is,  all  the  roots,  if  out  off  and  strung 
together  end  to  end,  wonld  reach  that  distance. 

Single  roots  of  large  trees  often  extend  horizontally  to 
great  distances,  but  it  is  not  often  possible  readily  to  trace 
the  entire  depth  to  which  they  extend.  One  of  the  most 
notable  examples  of  an  enormously  developed  root-system 
is  found  in  the  mesquite  of  the  far  Southwest  and  Mexico. 
When  this  plant  grows  as  a  shrub,  reaching  the  height, 
even  in  old  age,  of  only  two  or  three  feet,  it  is  because  the 
water  supply  in  the  soil  is  very  scanty.  In  such  cases 
the  roots  extend  down  to  a  depth  of  sixty  feet  or  more, 
until  they  reach  water,  and  the  Mexican  farmers  in  dig- 
ging  wells  foUow  these  roots  as  guides.  Where  water  is 
more  plenty,  the  mesquite  forms  a  good-sized  tree,  with 
much  less  remarkably  developed  roots. 

60.  The  Absorbing  Surface  of  Roots.  —  Such  aerial  roots 
as  are  shown  in  Fig.  13  are  usually  covered  with  a  spongy 
absorbent  layer,  by  means  of  which  they  retain  large 
quantities  of  the  water  which  trickles  down  them  during 
rainnstorms.  This  water  they  afterwards  gradually  give 
up  to  the  plant.  Most  water-roots  (not  however  those  of 
tradescantia)  have  no  special  arrangement  for  absorbing 
water  except  through  the  general  surface  of  their  epidermis. 
But  some  water-roots  and  most  soil-roots  take  in  water 
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mainly  through  the  root^hairs,  These  are  delicate,  hair- 
like  outgrowths  from  the  epidermis  of  the  root.  They 
are,  aa  seen  in  Fig.  11,  thin-walled  tubes,  of  nearly  uniform 
diameter,  closed  at  the  outer  end  and  opening  at  the  inner 
end  into  the  epidermis-cell  from  which  they 
spring-  The  relation  of  eaeh  hair  to  the 
epidermis-cell  is  still  better  shown  in  Fig. 
23,  which  represents  a  veiy  young  root- 
hair  and  a  considerably  older  one. 

61.  Absorption  of  Water  by  Roots.  — 
Many  experiments  on  the 
cultivation  of  com,  wheat, 
oats,  beans,  peas,  and  other 
familiär  pknts  in  water  have 
proved  that  some  plants,  at 
any  rate,  can  thrive  veiy 
well  on  ordinary  lake,  river, 
er  well  water,  together  with 
the  food  which  they  absorb 
from  the  air  (Chapter  XII). 
Just  how  much  water  sonie 
kinds  of  plants  give  off  (and 
therefore  absorb)  per  day 
will  be  discussed  when  the 
uses  of  the  leaf  are  studied. 
For  the  present  it  is  suffi- 
cient  to  State  that  even  an 
annual  plant  during  its  lifetime  absorbs  through  the  roots 
very  many  times  its  own  weight  of  water.  Grasses  have  been 
known  to  take  in  their  weight  of  water  in  every  twenty- 
four  hours  of  warm,  dry  weather.     This  absorption  takes 


Fig.  23. 
At  a  yery  young  root-hair ;  Ä,  a  much 
older  one  (both  greatly  magnified). 
e,  cell«  of  the  epidemiii  of  the  root ; 
n,  nucleua;  «,  watery  cell-«ap;  /?, 
thicker  protoplasm,  lining  the  oell- 
wall. 
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place  mainly  through  the  root-hairs,  which  the  Student  has 
examined  as  they  oceur  in  the  seedling  plant,  and  which 
are  found  thickly  clothing  the  younger  and  more  rapidly 
growing  parts  of  the  roots  of  mature  plants.  Some  idea 
o£  their  abundance  may  be  gathered  from  the  fact  that  on 
a  rootlet  of  com  grown  in  a  damp  atmosphere,  and  about 
one-seventeenth  of  an  inch  in  diameter,  480  root-hairs  have 
been  counted  on  each  hundredth  of  an  inch  of  root.  The 
walls  of  the  root-hairs  are  extremely  thin,  and  they  have 
no  holes  or  pores  visible  under  even  the  highest  power 
of  the  microscope,  yet  the  water  of  the  soil  penetrates 
very  rapidly  to  the  interior  of  the  root-hairs.  The 
soil-water  brings  with  it  all  the  substances  which  it  can 
dissolve  from  the  earth  about  the  plant ;  and  the  close- 
ness  with  which  the  root-hairs  cling  to  tlie  particles  of  soil, 
as  shown  in  Figs.  11  änd  21,  must  cause  the  water  which 
is  absorbed  to  contain  more  foreign  matter  than  Under- 
ground water  in  general  does,  particularly  since  the  roots 
give  off  enough  weak  acid  from  their  surface  to  corrode 
the  surface  of  stones  which  they  enfold  or  cover. 

62.  Osmosis.  —  The  process  by  which  two  liquids  sep- 
arated  by  membranes  pass  through  the  latter  and  mingle, 
as  soil-water  does  with  the  liquid  Contents  of  root-hairs,  is 
called  osmosis. 

It  is  readily  demonstrated  by  experiments  with  thin 
animal  or  vegetable  membranes. 

EXPERIMENT  XV 

Osmosis  as  shown  in  an  Egg.  —  Cement  to  the  smaller  end  of  an  egg 
a  bit  of  glass  tubing  about  six  inches  long  and  about  three-sixteenths 
of  an  inch  insiile  diameter.  Sealing-wax  or  a  inixture  of  equal  parts 
of  beeswax  and  i^esin  melted  together  wiü  serve  for  a  cement. 
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Chip  away  part  of  the  shell  from  the  larger  end  of  the  egg,  place 
it  in  a  wide-mouthed  bottle  or  a  small  beaker  füll  of  water,  as  shown 
in  Fig.  24,  then  very  cautiously  pierce  a'hole  through  the  upper  end 
of  the  eggshell  by  pushing  a  knitting-needle  or  wLre  down  through 
the  glass  tube. 

Watch  the  apparatus  for  some  hours  and  note  any  change  in  the 
Contents  of  the  tube.^     Explain. 

The  rise  of  liquid  in  the  tube  is  evidently  due  to  water  making 
its  way  through  the  thin  membrane  which  lines  the  eggshell, 
although  this  membrane  contains  no  pores  visible  even  under  the 
microscope. 

EXPERIMENT  XVI 

Result  of  placing  Sngar  on  a  Begonia  Leaf .  —  Place  a  little  pow- 
dered  sugar  on  the  upper  surf  ace  of  a  thick  begonia  leaf  under  a  small 
bell-glass.     Put  another  por- 
tion  of  sugar  or  a  bit  of  paper  1, 

alongside  the  leaf.  Watch  for 
sereral  days.  Explain  results. 
The  upper  surf  ace  of  this  leaf 
contains  no  pores,  even  of 
microscopic  size. 

63.  Inequality  of  Os- 
motic  Exchange.  —  The 
nature  o£  the  two  liquids 
separated  by  any  given 
membrane  deteimines  in 
which  direction  the 
greater  flow  shall  take 
place. 

If  one  of  the  liquids  is 
pure  water  and  the  other 


Fio.  24.  —  Egg  on  Beaker  of  Water, 
to  ibow  OsmosiB. 


1  Testing  the  contents  of  the  beaker  with  nitrate  of  silver  Solution  will 
then  Show  the  piesence  of  more  common  salt  than  is  found  in  ordinary  water. 
JBzplain. 
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LS  water  containing  solid  substances  dissolved  in  it,  the 
greater  flow  of  liquid  will  be  away  from  the  pure  water 
into  the  Solution,  and  the  stronger  or  denser  the  latter,  the 
more  unequal  will  be  the  flow.  This  principle  is  well  illus- 
trated  by  the  egg-osmosis  experiment.  Another  important 
principle  is  that  substances  which  readily  ciystallize  and 
are  easily  soluble,  like  salt  or  sugar,  pass  rapidly  through 
membranes,  while  jelly-like  substances,  like  white  of  egg^ 
can  hardly  pass  through  them  at  all. 

64.  Study  of  Osmotlc  Action  of  Living  Protoplasm; 
Plasmolysis.  —  The  obvious  parts  of  most  living  and  grow- 
ing  plant-cells  are  a  cell-wall,  which  is  a  skin  or  enclosure 
made  of  cellulosey  and  the  living,  active  cell-contents  or 
protoplasm.  Every  one  is  familiär  with  cellulose  in  vari- 
ous  forms,  one  of  the  best  examples  being  that  afforded  by 
clean  cotton.  It  is  a  tough,  white  or  colorless  substance, 
chemically  rather  inactive.  Protoplasm  is  a  substance  which 
differs  greatly  in  its  appearance  and  properties  under  differ- 
ent  circumstances.  It  is  of  a  very  complex  nature,  so  far  as 
its  chemical  composition  is  concemed,belonging  to  the  group 
of  Proteids  and  therefore  containing  not  only  the  Clements 
carbon,  hydrogen,  and  oxygen,  common  to  most  organic 
substances,  but  nitrogen  in  addition.  The  protoplasm  in 
a  living  cell  often  consists  of  several  kinds  of  material ;  f or 
instance,  a  rather  opaque  portion  called  the  nucleus,  and  a 
more  or  less  liquid  portion  lining  the  cell-walls  and  extend- 
ing  inward  in  Strands  to  the  nucleus  (Fig.  126).  Often,  in 
living  and  active  cells,  the  Spaces  left  between  Strands  and 
lining  are  fiUed  with  a  watery  liquid  called  the  cell-sap. 

The  action  of  the  protoplasm  in  Controlling  osmosis  is 
well  shown  by  the  process  known  as  plasmolyM. 
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Put  some  living  threads  of  pond-scum  (Spirogyrä)  (Chapter  XX) 
into  a  4  per  cent  Solution  of  glycerine  in  water,  a  16  per  cent  Solution 
of  cane  sugar,  or  (for  quick  results)  a  2  per  cent  Solution  of  common 
salt.^  Any  one  of  these  Solutions  is  niuch  denser  than  the  cell-sap 
inside  the  cells  of  the  pond-scum,  and  therefore  the  watery  part  of 
the  cell-contents  will  be  drawn  out  of  the  interior  of  the  cell  and 
the  protoplasmic  lining  wDl  collapse,  receding  from  the  cell-wall. 
The  cellHM>ntents  are  then  said  to  be  plasmolyzed,  Sketch  several 
cells  in  this  condition.  Remove  the  filaments  of  Spirogyra  and 
place  them  in  fresh  water.  How  do  they  now  behave?  £xplain. 
Repeat  the  plasmolyzing  Operation  with  another  set  of  cells  which 
have  first  been  killed  by  soaking  them  for  five  minutes  in  a  mizture 
of  equal  quantities  of  acetic  acid,  three  parts  to  1000  of  water,  and 
chromic  acid,  seven  parts  to  1000  of  water.  The  pond-scum  threads 
before  being  transferred  from  the  killing  Solution  into  the  plas- 
molyzing  Solution  should  be  rinsed  with  a  little  clear  water.  Note 
how  the  cells  now  behave.  How  is  it  shown  that  they  have  lost 
their  power  of  causing  a  liquid  to  be  transferred  mainly  or  wholly 
in  one  direction?  Why  do  frozen  or  boiled  slices  of  a  red  beet 
color  water  in  which  they  are  placed,  while  fresh  slices  do  not? 

65.  Osmosis  in  Root-Hairs.  —  The  soil-water  (practically 
identical  with  ordinary  spring  or  well  water)  is  separated 
from  the  more  or  less  sugary  or  mucilaginous  sap  inside 
of  the  root-hairs  only  by  their  delicate  cell-walls,  lined 
with  a  thin  layer  o£  protoplasm.  This  soil-water  will  pass 
rapidly  into  the  plant,  while  very  little  of  the  sap  will 
come  out.  The  selective  action,  which  causes  the  flow  o£ 
liquid  through  the  root-hairs  to  be  almost  wholly  inward, 
is  due  to  the  living  layer  of  protoplasm  (Chapter  XII), 
which  Covers  the  inner  surface  of  the  cell-wall  of  the  root- 
hair.  When  the  Student  has  learned  how  active  a  sub- 
stance  protoplasm  often  shows  itself  to  be,  he  will  not  be 
astonished  to  find  it  behaving  almost  as  though  it  were 

1  This  should  be  done  as  a  demoDstration  by  the  teacher. 
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possessed  of  intelligence  and  will.  Planta  of  two  different 
species,  both  growing  in  the  same  soil,  usually  take  from 
it  very  varions  amounts  or  kinds  of  mineral  matter.  For 
instance,  barley  plants  in  flower  and  red-clover  plants  in 
flower  contain  about  the  same  proportion  of  mineral  mat- 
ter (left  as  ashes  after  burning).  But  the  clover  contains 
5|  times  as  much  lime  as  the  barley,  and  the  latter  contains 
about  eighteen  times  as  much  silica  as  the  clover.  This 
difFerence  must  be  due  to  the  selective  action  of  the  proto- 
plasm  in  the  absorbing  cells  of  the  roots.  Traveling  by 
osmotic  action  from  cell  to  cell,  a  current  of  water  derived 
from  the  root-hairs  is  forced  up  through  the  roots  and  into 
the  stem,  just  as  the  contents  of  the  egg  was  forced  up 
into  the  tube  shown  in  Fig.  24. 

66.  Root-Pressure.  —  The  force  with  which  the  upward- 
flowing  current  of  water  presses  may  be  estimated  by 
attaching  a  mercury  gauge  to  the  root  of  a  tree  or  the 
stem  of  a  small  sapling.  This  is  best  done  in  early  spring 
after  the  thawing  of  the  ground,  but  before  the  leaves 
have  appeared.  The  experiment  may  also  be  performed 
indoors  upon  almost  any  plant  with  a  moderately  firm 
stem,  through  which  the  water  from  the  soil  lises  freely. 
A  dahlia  plant  or  a  tomato  plant  answers  well,  though  the 
root-pressure  from  one  of  these  will  not  be  nearly  as  great 
as  that  from  a  larger  shrub  or  a  tree  growing  out  of  doors. 
In  Fig.  25  the  apparatus  is  shown  attached  to  the  stem  of 
a  dahlia.  The  difiference  of  level  of  the  mercury  in  the 
bent  tube  serves  to  measure  the  root-pressure.  For  every 
foot  of  difference  in  level  there  must  be  a  pressure  of 
nearly  six  pounds  per  Square  inch  on  the  stump  at  the 
base  of  the  tube  T} 

1  See  Handhook, 
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A  black-birch  root  tested  in  this  way  at  the  end  of 
April  has  given  a  root-pressure  of  thiity-seven  pounds  to 
the  Square  iiich.  This  would  sustain  a  column  of  water 
about  eighty-six  feet  high. 

67.  Root-Absorptlon  and 
Temper ature  of  Soll.  —  It 
would  not  be  remarkable  if 
the  temperature  of  roots  and 
the  earth  about  them  had 
something  to  do  with  the 
rate  at  which  they  absorb 
water,  since  this  absorption 
depends  on  the  living  proto- 
plasm  of  the  root-hairs  (see 
Sects.  64,  65).  An  experi- 
ment  will  serve  to  throw 
some  light  on  this  question. 


EXPERIMENT  XVII 


Fig.  25.  —  Apparatus  to  Measure 
Boot -Pressure. 


Tf  large  tube  fastened  to  the  stump  of 
the  dahlia  stem  by  a  rubber  tube ; 
rr,  rubber  itoppers ;  t,  bent  tube 
containing  niercury ;  l  T,  upper  and 
lower  level  of  mercury  in  T. 


Effect  of  Temperatnre  on  Absorp- 
tion of  Water  by  Roots.  —  Trans- 
plant  a  tobacco  seedling  about  f  our 
inches  high  into  rieh  earth  con- 
tained  in  a  narrow,  tall  beaker  or 
yery  large  test-tube  (not  less  than 
H  inch  in  dianieter  and  six  inches  high).  When  the  plant  has  begun 
to  grow  again  f  reely,  in  a  warm,  sunny  room,  insert  a  chemical  ther- 
mometer  into  the  earth,  best  by  making  a  hole  with  a  sharp  round 
stick,  pushed  nearly  to  the  bottom  of  the  tube,  and  then  putting  the 
thermometer  in  the  place  of  the  stick.  Water  the  plant  well,  then 
«et  the  tube  in  a  jar  of  pounded  ice  which  reaches  nearly  to  the 
top  of  the  tube.  Note  the  temperature  of  the  earth  just  before 
placing  it  in  the  ice.    Observe  whether  the  leaves  of  the  seedling  wilt, 


56  FOUNDATIONS  OF  BOTANY 

and,  if  so,  at  what  temperature  the  wilting  begins.  Finally,  remove 
the  tube  from  the  ice  and  place  it  in  warm  water  (about  80®). 
Observe  the  eifect  and  note  the  temperature  at  which  the  plant, 
if  wilted,  begins  to  revive.  Find  an  average  between  the  wilting 
temperature  and  the  reviving  temperature.  For  what  does  this 
average  stand? 

68.  Hovements  of  Young  Roots.  —  The  fact  that  roots 
usually  grow  downward  is  so  familiär  that  we  do  not 
generally  think  of  it  as  a  thing  that  needs  discussion  or 
explanation.  Since  they  are  pretty  flexible,  it  may  seem 
as  though  young  and  slender  roots  merely  hung  down 
by  their  own  weight,  like  so  many  bits  of  wet  cotton 
twine.  But  a  very  little  experimenting  will  answer  the 
question  whether  this  is  really  the  case. 

EXPERIMENT   XVIII 

Do  aU  Parts  of  the  Root  of  the  Windsor  Bean  Seedling  band  down- 
ward alike?  —  Fasten  some  sprouting  Windsor  beans  with  roots 
about  an  inch  in  length  to  the  edges  of  a  disk  of  pine  wood  or 
other  soft  wood  in  a  soup-plate  nearly  füll  of  water  and  cover  them 
with  a  low  bell-jar.  Pins  nin  through  the  cotyledons,  as  in  Fig.  26, 
will  hold  the  beans  in  place.  When  the  roots  have  begun  to  point 
downward  strongly,  turn  most  of  the  beans  upside  down  and  pin 
them  in  the  reversed  position.  If  you  choose,  after  a  few  days 
reverse  them  again.  Make  sketches  of  the  various  forms  that  the 
roots  assume  and  discuss  these. 

EXPERIMENT  XIX 

Does  the  Windsor  Bean  Boot-Tip  press  downward  with  a  Force 
greater  than  its  Own  Weight  ?  —  Arrange  a  sprouted  bean  as  shown 
in  Fig.  26,  selecting  one  that  has  a  root  about  twice  as  long  as  the 
diameter  of  the  bean  and  that  has  grown  out  horizontally,  having 
been  sprouted  on  a  sheet  of  wet  blotting  paper.    The  bean  is  pinned 
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^O.  20.— A  Sprouting  Windsor  B«aii  pushing  its 
Root-Tip  Into  Meroury. 

«,  seed ;  r,  root ;  tc,  layer  of  water ;  m,  meroury. 


to  a  cork  that  is  fastened  with  beeswax  and  resin  mixture  to  the 

side  of  a  little  trough  or  pan  of  glass  or  glazed  earthenware.     The 

pan  is  filled  half  an  inch  or  more  with  mercury,  and  on  top  of 

the  mercury  is  a  layer 

of  water.     The  whole  ^  ^^^       ^^^    \ 

is  closely  covered  by  '  " 

a  large  tumbler  or  a 

bell-glass.     AUow  the 

apparatns  to  stand  un- 

til  the  root  has  forced 

its  way  down  into  the 

mercury.    Then  run  a 

slender  needle  into  the 

root   where  it  enters 

the  mercury  (to  mark 

the  exact  level),  withdraw  the   root,  and   measure  the  length  of 

the  part  submerged  in  mercury.     To  see  whether  this  part  would 

have  stayed  under  by  virtue  of  its  own  weight,  cut  it  off  and  lay 

it  on  the  mercury.     Push  it  under  with  a  pair  of  steel  forceps  and 

then  let  go  of  it.     What  does  it  do  ? 

69.  Discussion  of  Exp,  XIX,  —  By  comparing  the  weights 
of  equal  bulks  of  mercury  and  Windsor  bean  roots,  it  is 
found  that  the  mercury  is  about  fourteen  times  as  heavy 
as  the  substance  of  the  roots.  Evidently,  then,  the  sub- 
merged part  of  the  root  must  have  been  held  under  by 
a  force  about  fourteen  times  its  own  weight.  Making  fine 
equidistant  cross-marks  with  ink  along  the  upper  and  the 
lower  surface  of  a  root  that  is  about  to  bend  downward  at 
Ihe  tip,  readily  shows  that  those  of  the  upper  series  soon 
come  to  be  farther  apart,  —  in  other  words,  that  the  root  is 
forced  to  bend  downward  hy  the  more  rapid  growth  of  its 
Upper  as  compared  with  its  under  surface. 

70.  Geotropism.  —  The  property  which  plants  or  their 
Organs  manifest,  of  assuming  a  definite  diiection  with 
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reference  to  gravity,^  is  called  geotropism.  When,  as  in 
the  case  of  the  primary  root,  the  effect  of  gravity  is  to 
make  the  part  if  unobstructed  tum  or  move  downward, 
we  say  that  the  geotropism  is  positive.  If  the  tendency  is 
to  produce  upward  movement,  we  say  that  the  geotropism 
is  negative;  if  horizontal  movement,  that  it  is  lateral.  It 
was  stated  in  the  preceding  section  that  the  direet  cause 
of  the  downward  extension  of  roots  is  unequal  growth. 
We  might  easily  suppose  that  this  unequal  growth  is  not 
due  to  gravity,  but  to  some  other  cause.  To  test  this  sup- 
position,  the  simplest  plan  (if  it  could  be  camed  out)  would 
be  to  remove  the  plants  studied  tö  some  distant  region 
where  gravity  does  not  exist.     This  of  course  cannot  be 

done,  but  we  can  easily  turn  a 
young  seedling  over  and  over 
so  that  gravity  will  act  on  it 
now  in  one  direction,  now  in 
another,  and  so  leave  no  more 
Impression  than  if  it  did  not  act 
at  all  (Exp.  XX).  Or  we  can 
whirl  a  plant  so  fast  that  not 
only  is  gravity  done  away  with, 

pio.27.-sproutingPea..anthei>i.k  ^ut  auothcr  forcc  is  introduccd 
of  a  rapidiy  wbiriing  ciinostet.      in  its  placc.    If  a  vcrtical  whccl, 

The  youngest  Portion«  of  the  root8     ^te  a  Camage  whccl,   WCTO   prO- 
all  point  directly  away  from  the         ^  *^  ^ 

axis  about  which  they  were  re-      vidcd  with  a  f CW  loOSCly  fittlUg  * 

iron  rings  strung  on  the  spokes, 
when  the  wheel  was  revolved  rapidiy  the  rings  would  all 
fly  out  to  the  rim  of  the  wheel.     So  in  Fig.  27  it  will  be 


1  Gravity  means  the  pull  which  the  earth  exerts  upon  all  objects  on  or 
near  its  surface. 


BOOTS  69 

noticed  that  the  growing  tips  of  the  roots  of  the  sprouting 
peas  point  almost  directly  outward  from  the  center  of  the 
disk  on  which  the  seedlings  are  fastened.  Explain  the  differ- 
ence  between  this  result  and  that  obtained  in  Exp.  XX. 

EXPERIMENT   XX 

How  do  Primary  Boots  point  when  uninfluenced  by  Gravity  ?  Pin 
some  Boaked  Windsor  beans  to  a  large  flat  cork,  cover  them  with 
thoroaghly  moistened  chopped  peat-moss,  and  cover  this  with  a  thin 
glass  crystallizing  dish.  Set  the  cork  on  edge.  Prepare  another 
cork  in  the  same  nvay,  attach  it  to  a  clinostat,  and  keep  it  slowly 
revolving  in  a  vertical  position  for  from  three  to  five  days.  Com- 
pare  the  directions  taken  by  the  roots  on  the  stationary  and  on  the 
revolving  cork.* 

71.  Direction  taken  by  Secondary  Roots.  —  As  the  Stu- 
dent has  already  noticed  in  the  seedlings  which  he  has 
studied,  the  branches  of  the  primary  root  usually  make  a 
considerable  angle  with  it  (Fig.  2).  Often  they  run  out 
for  long  distances  almost  horizontally.  This  is  especially 
common  in  the  roots  of  forest  trees,  above  all  in  cone- 
bearing  trees,  such  as  pines  and  hemlocks.  This  horizon- 
tal or  neaiiy  horizontal  position  of  large  secondary  roots 
is  the  most  advantageous  arrangement  to  make  them  use- 
ful  in  staying  or  guying  the  stem  above,  to  prevent  it  from 
being  blown  over  by  the  wind. 

72.  Fitness  of  the  Root  for  its  Position  and  Work.  —  The 
distributiön  of  material  in  the  woody  roots  of  trees  and 
shrubs  and  their  behavior  in  the  soil  show  many  adapta- 
tions  to  the  conditions  by  which  the  roots  are  surrounded. 

1  See  Ganong's  Teaching  Botanist ^  pp.  182-186,  for  complete  directions. 
Tbe  brief  Statement  above  given  is  abstracted  from  that  of  Professor  Ganong. 
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The  growing  tip  of  the  root,  as  it  pushes  its  way  through 
the  soll,  is  exposed  to  bniises ;  but  these  are  largely  warded 
off  by  the  root-cap.  The  tip  also  shows  a  remarkable 
sensitiveness  to  contact  with  hard  objects,  so  that  when 
touched  by  one  it  swerves  aside  and  thus  finds  its  way 
downward  by  the  easiest  path.  Roots  with  an  unequal 
water  supply  on  either  side  grow  toward  the  moister  soiL 
Roots  are  very  tough,  because  they  need  to  resist  strong 


Fio.  28.  —  Roots  of  a  Western  Hemlock  exposed  by  haTing  luost  of  the  Löaf-Mould 
about  them  bumed  away  by  Forest  Fires. 


puUs,  but  not  as  stiff  as  stems  and  branches  of  the  same 
size,  because  they  do  not  need  to  withstand  sidewise  pres- 
sure, acting  from  one  side  only.  The  corky  layer  which 
Covers  the  outsides  of  roots  is  remarkable  for  its  power 
of  preventing  evaporation.  It  must  be  of  use  in  retaining 
in  the  root  the  moisture  which  otherwise  might  be  lost 
on  its  way  from  the  deeper  rootlets  (which  are  buried  in 
damp  soil),  through  the  upper  portions  of  the  mot-system, 
about  which  the  soil  is  often  very  dry. 


ROOTS 


61 


73.  Propagation  by  Heans  of  Roots.  —  Some  familiär 
plants,  such  as  rose  bushes,  are  usually  grown  from  roots 
or  rootKJuttings. 

Bury  a  sweet  potato  or  a  dahlia  root  in  darap  sand^  and  watch 
the  development  of  sprouts  from  adventitious  buds.  One  sweet 
potato  will  produce  several  such  crops  of  sprouts,  and  every  sprout 
niay  be  made  to  grow  into  a  new  plant.  It  is  in  this  way  that  the 
crop  is  started  wherever  the  sweet  potato  is  grown  for  the  market. 

74.  Tabular  Review  of  Experiments. 
[Continue  the  table  begun  at  end  of  Chapter  III.] 


75.    Heyiew  Summary  of  Roots. 
Kinds  of  roots  as  regards  origin 


; 


•{ 


Kinds  as  regards  medium  in  which  they  grow 

Structure  of  root  of  a  tree. 

{materials. 
location. 
uses. 

apparatus. 

Absorption  of  water  by  roots ^  ^    ' 

'  proofs. 

causes. 


Movements  of  roots . 


fnature. 
causes. 
uses. 


CHAPTER  V 
STEMS 

76.  What  the  Stein  is.  —  The  work  of  taking  in  the  raw 
materials  which  the  plant  makes  into  its  own  food  is  done 
mainly  by  the  roots  and  the  leaves.  These  raw  materials 
are  taken  from  earth,  from  water,  and  from  the  air  (see 
Chapter  XI).  The  stein  is  thatf  nrt_or_f>rg»n  of  the  plant 
which  serves  to  bring  roots  and  leaves  into  communicalion 
with^eachjithßr.  In  most  flowering  plants  the  stem  also 
serves  the  important  pnrpose  of  lifting  the  leaves  up  into 
the  sunlight,  where  alone  they  best  can  do  their  special 
work. 

The  Student  has  already,  in  Chapter  III,  leamed  some- 
thing  of  the  development  of  the  stem  and  the  seedling ; 
he  has  now  to  study  the  external  appearance  and  internal 
structure  of  the  mature  stem.  Much  in  regard  to  this 
structure  can  conveniently  be  learned  from  the  examina- 
tion  of  twigs  and  branches  of  our  common  forest  trees  in 
their  winter  condition. 

77.  The  Horse-Chestnut  Twig.*  —  Procure  a  twig  of  horse-chest- 
nut  eighteen  inches  or  more  in  length.  Make  a  carcful  sketch  of  it, 
trying  to  bring  out  the  following  points : 

(1)  The  general  character  of  the  bark. 

1  Where  the  buckeye  is  more  readily  obtained  it  will  do  very  well.  Hick- 
ory twigs  answer  the  same  purpose,  and  the  latter  is  a  more  typical  form, 
having  altemat«  buds.  The  magnolia  or  the  tulip  tree  will  do.  The  Student 
should  (sooner  or  later)  ezamine  at  least  one  opposite-  and  one  altemate-leavod 
twig. 
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(2)  The  large  horseshoe-shaped  scars  and  the  number  and  Posi- 
tion of  the  dots  on  these  scars.  Compare  a  scar  with  the  base  of  a 
leaf-stalk  fumished  by  the  teacher. 

(3)  The  ring  of  narrow  scars  around  the  stem  in  one  or  niore 
places,^  and  the  different  appearance  of  the  bark  above  and  below 
such  a  ring.  Compare  these  scars  with  those  left  after  removing  the 
scales  of  a  terminal  bud  and  then  see  Fig.  29,  b  sc, 

(4)  The  buds  at  the  upper  margin  of  each  leaf- 
scar  and  the  strong  terminal  bud  at  the  end  of  the 
twig. 

(5)  The  flower-bud  scar,  a  concave  impression, 
to  be  found  in  the  angle  produced  by  the  forking 
of  two  twigs,  which  form,  with  the  brauch  from 
which  they  spring,  a  Y-flhaped  figure  (see  Fig.  36). 

(6)  (On  a  brauch  larger  than  the  twig  handed 
round  for  individual  study)  the  place  of  origin  of 
the  twigs  on  the  brauch ;  —  make  a  separate  sketch 
of  this. 

The  portion  of  stem  which  originally  bore  any 
pair  of  leaves  is  called  a  node,  and  the  portions  of 
stem  between  nodes  are  called  intemodes, 

Describe  briefly  in  writing  alongside  the  Sketches  j|  ••  &  «c 

any  observed  facts  which  the  drawings  do  not  show. 

If  your  twig  was  a  crooked,  rough-barked,  and 
slow-growing  one,  ezchanee  it  for  a  smooth,  vi^:- 

,     '  ^,       j.«  ^      ..        **    Fio.29.-AquIckly 

orous   one,  and   note  the  dmerences.     Or   if  you    grown  Twig  of 

sketched  a  quickly  grown  shoot,  exchange  for  one    ciierry.  with  Lat- 
Of  the  Other  kind.  eral  and  Terminal 

Bud»  m  Octüber. 
Answer  the  f oUowing  questions  :  ^  ,^^  bud-scaie  scars. 

Cd)  IIow  many  inches  did  your  twig  grow  ^"  **»^^«  *^»*^*« 
-      ,         ^,       -     ,  ft  scars  is  the  grow th 

durmg  the  last  suraraer?  ^j  ^he  spring  and 

How  many  in  the  summer  before?  summ  er  ofthe 

Howdoyouknow?  aameyear. 

How  many  years  old  is  the  whole  twig  given  you? 
(b)  How  were  the  leaves  arranged  on  the  twig  ? 

1  A  yery  yigoroos  shoot  may  not  show  any  such  ring. 
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How  many  leaves  were  there  ? 
Were  they  all  of  the  same  size  ? 

(c)  What  has  the  mode  of  branching  to  do  with  the  arrangement 
of  the  leaves  ?  with  the  flower-bud  scars  ? 

(d)  The  dots  on  the  leaf-scars  mark  the  position  of  the  buiidles 
of  ducts  and  wood-cells  which  run  from  the  wood  of  the  brauch 
through  the  leaf-stalk  up  into  the  leaf. 

78.  Twig  of  Beech.  —  Sketch  a  vigorous  young  twig  of  beech  (or 
of  hickory,  magnolia,  tulip  tree)  in  its  winter  condition,  noting  par- 
ticularly  the  respects  in  which  it  differs  from  the  horse-chestnut. 
Describe  in  writing  any  f  acte  not  shown  in  the  sketch.  Notice  that 
the  buds  are  not  opposite,  nor  is  the  next  one  above  any  given  bud 
found  directly  above  it,  but  part  way  round  the  stem  from  the  posi- 
tion of  the  first  one.  Ascertain,  by  studying  several  twigs  and 
counting  around,  which  bud  is  above  the  first  and  how  many  tunis 
round  the  stem  are  made  in  passing  from  the  first  to  the  one  directly 
above  it. 

Observe  with  especial  care  the  difference  between  the  beech  and 
the  horse-chestnut  in  mode  of  branching,  as  shown  in  a  large  brauch 
provided  for  the  study  of  this  feature. 

79.  Relation  of  Leaf-Arrangement  to  Branching.^  —  This 
difference,  referred  to  in  Sect.  78,  depends  on  the  fact  that 
the  leaves  of  the  horse-chestnut  were  arranged  in  pairs,  on 
opposite  sides  of  the  stem,  while  those  of  the  beech  were 
not  in  pairs.  Since  the  buds  are  found  at  the  upper  edges 
of  the  leaf-scars,  and  since  most  of  the  buds  of  the  horse- 
chestnut  and  the  beech  are  leaf-buds  and  destined  to  form 
branches,  the  mode  of  branching  and  ultimately  the  form 

1  The  teacher  in  the  Eastem  and  Middle  States  will  do  well  to  make  constant 
use,  in  the  study  of  branches  and  buds,  of  Miss  Newell's  OiUUnes  of  Lessons 
in  ßotany,  Part  I.  The  Student  can  observe  for  himself,  with  a  little  guld- 
ance  from  the  teacher,  most  of  the  points  which  Miss  Newell  saggests.  If  the 
supply  of  material  is  abundant,  the  twigs  employed  in  the  lessons  above 
described  need  not  be  used  f  nrther,  but  if  material  is  scanty,  the  study  of  buds 
may  at  once  be  taken  up.    (See  also  Bailey's  Lessons  with  Plants,  Part  I.) 
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of  tlie  tree  must  depend  largely  on  the  arrangement  of 

leaves  along  the  stem. 

80.   Opposite  Branching.  —  In  trees  the  leaves  and  buds 

of  which  are  opposite,  the  tendency  will  be  to  form  twigs 

in  four  rows  about  at  right  angles 

to  each  other  along  the  sides  of 

the  branch,  as  shown  in  Fig.  30. 
This  arrangement  will  not  usu- 

ally  be  perfectly  carried  out,  since 

some  of  the  buds  may  never  grow, 
or  some  may 
gro  w  much 
faste  r  thau 
others  and  so 
make  the  plan 
of  branching  less 
evident  than  it 
would  be  if  all 
grew  alike. 

81.    Alternate 
Branching. — In 

trees  like  the  beech  the  twigs  will  l)e 
found  to  be  arranged  in  a  more  or  less 
regulär  spiral  line  about  the  bninch. 
This,  which  is  known  as  the  alternate 
arrangement  (Fig.  31),  is  more  com- 
monly  met  with  in  trees  and  shrubs 
than  the  opposite  arrangement.  It  ad- 
mits  of  many  varieties,  since  the  sj)iral 

may  wind  more  or  less  rapidly  round  the  stem.     In  the 

apple,  pear,  cherry,  poplar,  oak,  and  walnut,  one  passes 


Fio .  ao.  —  opposite  Branching 

in  a  Tery  Young  Sapling 

of  Aflh. 


Fig.  31.  — Alternats 
Branching  in  a  very 
Yonng  Apple  Tree. 
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Fio.  32.  —  Excurrent  Trunks  of  Big  Trees 
{Seguoias). 


over  five  Spaces  before 
Coming  to  a  leaf  which 
is  over  the  first,  and  in 
doing  this  it  is  necessary 
to  make  two  complete 
turns  round  the  stem 
(Fig.  105). 

82.  Growth  of  the  Ter- 
minal Bud.  —  In  some 
trees  the  terminal  bud 
from  the  very  outset 
keeps  the  Ieading_place^ 
and  the  result  of  this 
mode  of  growth  is  to 
produce  a-_aknder,  up- 
right  tree,  with  an  excur- 
rent  trunk  like  that  of 
Fig.  32. 

In  such  trees  as  the 
apple  and  many  oaks  the 
terminal  bud  has  no  pre- 
eininence  over  others,  and 
the  form  of  the  tree  is 
round-topped  and  spread- 
ing,  deliquescent  like  that 
in  Fig.  33. 

Most  of  the  larger  for- 
est trees  are  intermediate 
between  these  extremes. 

Brauches  get  their 
characteristics  to  a 
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—  An  American  Eltu,  with  Deliquescent  Trunk. 


considerable  degree  from  the  relative  importance  of  their 
terminal  buds.  If  these  are  mainly  flower-buds,  as  is  the  case 
in  the  horse-chestnut  and  some  magnolias  (Figs.  35,  86), 
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the  tree  is  characterized  by  frequent  forking,  and  has 
no  long  horizontal  branches. 

If  the  terminal  bud  keeps  the  lead  of  the  lateral  ones, 
but  the  latter  are  numerous  and  most  of  them  grow  into 
slender  twigs,  the  delicate  spray  of  the  elm  and  many 
birches  is  produeed  (Fig.  37). 

The  general  effeet  of  the  branching  depcnds  much  upon 
the  angle  which  eaeh  branch  or  twig  forms  with  that  one 
fronf  which  it  Springs.  The  angle  may  be  quite  acute,  as 
in  the  birch ;  or  more  nearly  a  right  angle,  as  in  the  ash 
(Fig.  30).  The  inclination  of  lateral  branches  is  due  to 
geotropism,  just  ss  is  that  of  the  branches  of  primary  roots. 
The  verticaJly  upward  direction  of  the  s^ioot  which  grows 
from  the  tenninal  bud  is  also  due  to  geotropism. 

This  is  really  only  a  brief  way  of  saying  that  the  grow- 
ing  tip  of  the  main  stem  of  the  tree  or  of  any  branch  is 
made  to  take  and  keep  its  proper  direction,  whether  verti- 
cally  upward  or  at  whatever  angle  is  desirable  for  the  tree, 
by  the  steering  action  of  gravity.  After  growth  has  ceased 
this  steering  action  can  no  longer  be  exerted,  and  so  a  tree 
that  has  been  beut  over  (as,  for  instance,  by  a  heavy  load 
of  snow)  cannot  right  itself,  unless  it  is  elastic  enough  to 
spring  back  when  the  load  is  removed.  The  tip  of  the 
trunk  and  of  each  branch  can  grow  and  thus  become 
vertical,  but  the  old  wood  cannot  do  so. 

83.  Thorns  as  Branches.  —  In  many  trees  some  branches 
show  a  tendency  to  remain  dwarfish  and  incompletely 
developed.  Such  imperfect  branches  forming  thorns  are 
familiär  in  wild  crab-apple  trees  and  in  the  pear  trees 
which  occur  in  old  pastures  in  the  Northeastem  States.  In 
the  honey  locust  very  formidable  branching  spines  spring 
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from  adventitious  or  dormant  buds  on  the  trunk  or  limbs. 
Such  spines  sometimes  show  their  true  nature  as  branches 
by  beaiing  leaves  (Fig.  34). 

84.  Indefinite  Annual  Growth.  —  In  most  of  the  forest 
trees,  and  in  the  larger  shrubs,  the  wood  of  young  branches 
is  matured  and  fuUy 
developed  during  the 
summer.  Protected 
buds  are  formed  on 
the  tvvigs  of  these 
branches  to  their  very 
tips.  In  other  shrubs 
—  for  example,  in  the 
sumac,  the  raspberry, 
and  blackl)erry  —  the 
shoots  continue  to 
grow  until  their  soft 
and  immature  tips  are 
killed    by   the    frost. 

Such  a  mode  of  growth  is  called  indefinite 
annuul  growth,  to  distinguish  it  from  the 
definite  annual  growth  of  most  trees. 

85.  TreeSi  ShrubSi  and  Herbs.  —  Plauts 
of  the  largest  size  with  a  main  trunk  of  a 
Woody  structure  are  called  trees.  Shrubs 
differ  from  trees  in  their  smaller  size,  and 

generally  in  having  several  stenis  which  proceed  from  the 
ground  or  near  it  or  in  having  much-forked  stems.  The 
witch-hazel,  the  dogwoods,  and  the  alders,  for  instance, 
are  most  of  them  classed  as  shrubs  for  this  reason,  though 
in  height  some  of  them  equal  the  smaller  trees.     Some  of 


Fio.  34. — Leaf-Bearing  Spine 
of  Honey  Locust. 


Fcm.j.ni>?^  ■:?  Bi'T%Tf 


Tut.  36.  —  np  ot »  Brftneh  of  Ma^oli*,  ninstrating  Forldng  doe  to 
Terminal  Flower-Bnds. 

Ai  oM«^i  llowftr-1ni4  teta ;  2?,  C,  D,  scan  of  lucoeasiTe  seaaoDB  alter  Ä;  X,  leaf- 
tnid« ;  Ff  flower>bud«. 


in  height,  but  are  ranked  as  shnibs  becaiise  their  woody 
HU;mif  do  not  die  quite  to  the  ground  in  winter. 

Herb»  are  planta  whose  stems  above  ground  die  every 
wintor. 
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86.  Aimaal,  Biexmial,  and  Perennial  Planta*  —  Annual 
plants  are  those  which  live  but  one  year,  hiennial^  those 
which  live  two  years 
or  nearly  so. 

Some  annual  plants 
may  be  made  to  live 
over  winter,  flower- 
ing  in  their  second 
summer.  This  is  true 
of  winter  wheat  and 
rye  among  cultivated 
plante. 

Perennial  plants  live  for  a  series  of 
yeais.  Many  kinds  of  trees  last  for 
centuries.  The  Califomian  giant  redwoods,  or  Sequoias 
(Fig.  32),  which  reach  a  height  of  over  800  feet  under 
favorable  circumstances,  live  nearly  2000  years ;  and  some 


Fio.  38. — A  Portion  of 

tbe  Bnuich  of  Fig.  36. 

(Natural  sise.) 


rio.  37.  —  Twig»  and 

Branches  of  the 

Birch. 


monstroos  cypress  trees  found  in  Mexico  were  thought  by 
Professor  Asa  Gray  to  be  frora  4000  to  6000  years  old. 
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87.  Stemless  Plants.  —  As  will  be  shown  later  (Chap- 
ter  XXX),  plants  live  subject  to  a  very  fierce  competition 
among  themselves  and  exposed  to  almost  constant  attacks 
from  animals. 

While  plants  with  long  stems  find  it  to  their  advantage 
to  reach  up  as  far  as  possible  into  the  sunlight,  the  cinque- 

f oil,  the  white  clover, 
the  dandelion,  some 
spurges,  the  knot- 
grass,  and  hundreds 
of  other  kinds  of 
plants  have  found 
safety  in  hugging 
the  ground. 

Any  plant  which 
can  grow  in  safety 
under  the  very  feet 
of  grazing  animals 
will  be  especially 
likely  to  make  its 
way  in  the  world, 
since  there  are  raany 
places  where  it  can 
flourish  while  ordi- 
när/ plants  would  be  destroyed.  The  bitter,  stemless 
daridtfUon^  which  is  almost  uneatable  for  most  animals, 
uuless  cooked,  which  lies  too  near  the  earth  to  be  fed 
U{)ou  by  grazing  animals,  and  which  bears  being  trodden 
on  with  impunity,  is  a  type  of  a  large  class  of  hardy  weeds. 
The  scK5alle.d  stemless  plants^  like  the  dandelion  (Fig.  38), 
smd  sfimö  violets,  are  not  really  stemless  at  all,  but  send 


WlQ.  38.  - 


-The  Dandelion  ;  aso-called 
Stemless  Plant. 
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out  their  leaves  and  flowera  from  a  very  short  stem,  which 
hardly  rises  above  the  sui-face  of  the  ground. 

88.  Climbing  and  Twining  Sterns.?  —  Since  it  is  essen- 
tial  to  the  health  and  rapid  growth  of  most  plants  that 
they  should  have  free  access 


to  the  sun  and  air,  it  is  not 
Strange  that  many  should 
resort  to  special  devices  for 
lifting  themselves  above 
their  neighbors.  In  tropi- 
cal  forests,  where  the  dark- 
ness  of  the  shade  anywhere 
beneath  the  tree-tops  is  so 
great  that  few  flowering 
plants  can  thrive  in  it,  the 
climbing  plants  or  lianas 
often  run  like  great  cables 
for  hundreds  of  feet  before 
they  can  emerge  into  the  sun- 
shine  above.  In  temperate 
climates  no  such  remarkable 
climbers  are  f  ound,  but  many 
plants  raise  themselves  for 
considerable  distances.  The 
principal  means  to  which  they  resort  for  this  purpose  are  : 

(1)  Producing  roots  at  many  points  along  the  stem 
above  ground  and  climbing  on  suitable  objects  by  means 
of  these,  as  in  the  English  ivy  (Fig.  15). 

(2)  Laying  hold  of  objects  by  means  of  tendrils  or 
twining  branchet  or  leqf-stalks^  as  shown  in  Figs.  40,  41. 

1  See  Kerner  and  Oliver's  Natural  History  of  Plants,  Vol.  I,  p.  669. 


Fio.  39.  —  Lianas  strangllng  a  Palm. 


74 


FOUNDATIONS   OF   BOTiVNY 


(8)  Twining  about  any  slender  upright  support,  as 
shown  in  Fig.  42. 

89.  Tendril-Climbers.  —  The  plants  which  climb  by 
means  of  tendrils  are  important  subjects  for  study,  but 
they  cannot  usually  be  managed  very  well  in  the  school- 
room.     Continued  Observation  soon  shows  that  the  tips  of 

tendrils  sweep  slowly  about  in 
the  air  until  they  come  in  contact 
with  some  object  about  which 
they  can  coil  themselves.  After 
the  tendril  has  taken  a  few  turns 
about  its  support,  the  free  part  of 
the  tendril  coils  into  a  spiral  and 
thus  draws  the  whole  stem  toward 
the  point  of  attachment,  as  shown 
in  Fig.  40.  Some  tendrils  are 
modified  leaves  or  stipules,  as 
shown  in  Fig.  104  ;  others  are 
modified  stems. 

90.  Twiners.  —  Only  a  few  of 
the  Upper  internodes  of  the  stem 
of  a  twiner  are  concerned  in  pro- 
ducing  the  movements  of  the  tip 
of  the  stem.  This  is  kept  revolving  in  an  elliptical  or 
circular  path  until  it  encounters  some  roughish  and  not  too 
stout  object,  about  which  it  then  proceeds  to  coil  itself. 

The  movements  of  the  younger  internodes  of  the  stems 
of  twiners  are  among  the  most  extensive  of  all  the  move- 
ments made  by  plants.  A  hop-vine  which  has  climbed  to 
the  top  of  its  stake  may  sweep  its  tip  continually  around 
the  circumference  of  a  circle  two  feet  in  diameter,  and  the 


FIO40.- 


-Coillng  of  a  Tendril 
of  Bryony. 
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common  wax-plant  of  the  greenhouses  sometimes  describes 
a  five-foot  circle,  the  tip  moving  at  the  rate  of  thirty-two 
inches  per  hour.^  This  circular  motion  results  from 
some  cause  not  yet  fnlly  understood  by  botanists.^ 

The  direction  in  which  twiners  coil  about  a  supporting 
object  is  almost  always  the  same  for  each  species  of  plant, 
but    not    the   same    for   all  ^         _ 

species.     In  the  hop  it  is  as  *^^ 


Fig.  41.— CoUlng  of  Petlole  of  Dwarf 
TropflBoInm. 


Fio.  42.  — Twining  Stern  of  Hop. 


shown  in  Fig.  42.  Is  it  the  same  as  in  the  bean  ?  in  the 
moming-glory  ? 

9L  Underground  Stems.  —  Stems  which  lie  mainly  or 
wholly  Underground  are  of  frequent  occurrence  and  of 
many  kinds. 

In  the  simplest  form  of  rooUtock  (Fig.  43),  such  as  is 

1  See  articie  on  Climbing  Planis^  by  Dr.  W.  J.  Baal,  in  the  American 
Naturalist,  Vol.  IV,  pp.  405-41Ö. 

2  See  Strasburger,  Noll,  Schenk,  and  Schimper,  Text-Book,  pp.  258-262  ; 
also  Vines,  Students*  Text-Book  of  Botany,  London  and  New  York,  1894, 
pp.  759,  760. 
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found  in  some  mints  and  in  many  grasses  and  sedgea,  the 
real  nature  of  the  creeping  Underground  stem  is  shown  by 

the  presence  upon  its  sur- 
face  of  many  seales,  which 
are  reduced  leaves.  Root- 
stocks  of  this  sort  often 
extend  horizontally  for 
long  distances  in  the  ease 
of  grasses  like  the  sea  rye 
grass  (Plate  I),  which  roots 
itself  firmly  and  thrives  in 
shifting  sand-dunes.  In 
the  stouter  rootstocks,  like 
that  of  the  iris  (Fig.  44) 
and  the  Caladium  (Fig. 
45),  this  stem-like  charac- 
ter  is  less  evident.  The 
potato  is  an  excellent  ex- 
ample  of  the  shoi-t  and 
much-thickened  Under- 
ground stem  known  as  a 
tvier. 

It  may  be  seen  from  Fig. 

46  that  the   potatoes  are 

none  of  them  bome  on  true 

roots,  but  only  on  subter- 

ranean 

branches, 

which  are 

Fio.  43.  —  Kootetock  of  Cotton-Grans  (Eriophorum).  S  to  U  1 6  T 

and  more  cylindrical  than  most  of  the  roots.     The  "  eyes  " 
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which  they  bear  are  rudi- 
mentary  leaves  and  buds. 

Bulbs,  whether  coated 
like  those  of  the  onion  or 
the  hyacinth  (Fig.  47),  or 
scaly  like  those  of  the 
Uly,  are  merely  very  short 
and  stout  Underground 
stems,  covered  with  closely 
crowded  scales  or  layers 
which  represent  leaves  or 
the  bases  of  leaves  (Fig.  48). 

The  variously  niodified 
forms  of  Underground 
stems  just  discussed,  illus- 


FiQ,  44.— Boots,  Bootfltocki,  and 
Leayes  of  Iris. 

träte  in  a  marked  way  the  storage 
of  nourishment  during  the  winter 
(or  the  rainless  season,  as  the  case 
may  be)  to  secure  rapid  growth  dur- 
ing the  active  season.  It  is  inter- 
esting  to  notice  that  nearly  all  of 
the  early-flowering  herbs  in  temper- 
ate  climates,  like  the  crocus,  the 
snowdrop,   the    spring-beauty,    the 


Pio.  46. — Bootstook  of  Cala^ 
dimn  (Coloccuid). 

6,  terminal  bud ;  6',  buds  ar- 
ranged  In  cirole«  where  bases 
of  leaves  vtere  attached ;  «, 
scars  lef t  by  ol^Qiitbing  bases 
of  leaves. 
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tulip,  and  the  skunk-cabbage,  owe  their  early-blooming 
habit  to  richlj  stored  Underground  stems  of  some  kind, 
or  to  thick,  fleshy  roots. 

92.  Condensed  Sterns«  —  The  plants  of  desert  regions 
require,  above  all,  protection  from  the  extreme  diyness  of 
the  surrounding  air,  and,  usually,  from  the  excessive  heat 

of  the  sun.  Ac- 
cordingly,  many 
desert  plants  are 
found  quite  desti- 
tute  of  ordinary 
foliage,  exposing 
to  the  air  only  a 
small  surfaee.  In 
the  melon-cactuses 
(Fig.  49)  the  stem 
appears  redueed 
to  the  shape  in 
which  the  least 
possible  surfaee  is 
presented  by  a 
plant  of  given 
bulk,  —  that  is,  in 
a  globular  form.  Other  cactuses  are  more  or  less  cylindri- 
cal  or  prismatic,  while  •  still  others  consist  of  flattened 
joints ;  but  all  agree  in  offering  much  less  area  to  the  sun 
«and  air  than  is  exposed  by  an  ordinary  leafy  plant. 

93.  Leaf-Like  Stems. — The  flattened  stems  of  some  kinds 
of  cactus  (especially  the  common,  showy  Phyllocacttis)  are 
sufiiciently  like  fleshy  leaves,  with  their  dark  green  color 
and  Imitation  of  a  midrib,  to  pass  for  leaves,     There  are, 


Fig.  46.  —  Part  of  a  Potato  Plant. 

The  dark  tuber  in  the  middle  in  the  one  from  which 

the  plant  ha»  grown. 
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Flu.  47.  —  Bulb  of  Uyacinth. 
(Ezterior  Tiew  and  apllt  lengthwlBeu) 


however,  a  good  many  cases  in  which  the  stem  takes  on 

a  more  strikingly  leaf-like  form.     The  common  asparagus 

sends  up  in  spring  shoots 
that  bear  large  scales  which 
are  really  reduced  leaves. 
Later  in  the  season,  what 
seem  like  thread-like  leaves 
Cover .  the  much-branched 
matnre  plant,  but  these 
green  threads 
areactuallymi- 
nute  branches, 
which  perform 
the    work    of 

leaves   (Fig.   50).     The  familiär    greenhouse 

climber,  wrongly  known  as  smilax  (properly 

called   Myrsiphyllum)^    bears    a   profusion   of 

what    appear    to    be    deUcate    green    leaves 

(Fig.  51).     Close  study,  however,  shows  that 

these  are  really  short,  flattened  branches, 

and  that  each  little  branch  Springs  from 

the  axil  of  a  true   leaf,  Z,  in   the  form 

of  a  minute  scale.     Sometimes  a  flower 

and  a  leaf-like  branch  spring  from   the 

axil  of  the  same  scale. 

•   Branches  which,  like  those  of  Myrsi- 

phyllum^  so  closely  resemble  leaves  as  to 

be  almost  indisting^ishable  from  them  are 

called  cladophylh. 

94.    Hodifiability  of  the  Stem. — The  stem  may,  as  in  the 

tallest  trees,  in  the  great  lianas  of  South  American  forests, 


sca 


Fig.  48. — Longitu- 
dinal  Section  of 
an  Onion  Leaf. 

gca^  thiokened  base 
of  leaf,  forming  a 
bnlb^cale;  «,thin 
sheath  of  leaf ;  hl, 
blade  of  tbe  leaf ; 
in/,  hollow  Inte- 
rlor  of  blade. 
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FXO.  49.  ~A  Melon-CactoB. 


Pio.  50.  —  A  Spray  of  a  Common  Aiparagus  (not  the  edlble  •peclM). 
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or  the  rattan  of  Indian  jungles,  reach  a  length  of  many 
hundred  feet.  On  the  other  hand,  in  such  ^^stemless" 
plants  as  the  primrose  and  the  dandelion,  the  stem  may  be 
reduced  to  a  fraction  of  an  inch  in  length.     It  may  take 


Fio.  51.  —  Stem  of  "  Smilax  "  (MyraiphyUum). 

l,  Bcale-like  leares ;  c<,  oUdophyll,  or  leaf-like  branch,  growing  in  the  axil  of  the 

leaf ;  ped^  flover-stalk,  growing  in  the  axil  of  a  leaf . 


on  apparently  root-like  forms,  as  in  many  grasses  and 
sedges,  or  become  thiekened  by  Underground  deposits  of 
starch  and  other  plant-food,  as  in  the  iris,  the  potato,  and 
the  crocus.  Condensed  forms  of  stem  may  exist  above 
ground,  or,  on  the  other  hand,  branches  may  be  flat  and 
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thin  enough  closely  to  Imitate  leaves.  In  short,  the  stem 
manifests  great  readiness  in  adapting  itself  to  the  most 
varied  conditions  of  existence. 


95.    Review  Summary  of  Sterns.^ 
Kinds  of  branching  due  to  leaf  arrangement     .... 

Kinds  of  tree-trunk  due  to  greater  or  less  pre^ominance 
of  terminal  bud 


Leaf-like  stems 


1^: 


Classes  of  plants  based  on  amoant  of  woody  stem      .     .     ^  2, 
Classes  of  plants  based  on  duration  of  life -<  2, 

U 

Various  modes  of  climbing <  2, 

La, 

Kinds  of  Underground  stem -^2 

U 

Condensed  stems  above  ground < 


1  Where  it  is  possible  to  do  so,  make  Sketches ;  where  this  is  not  possible, 
give  ezamples  of  plants  to  illustrate  the  various  kinds  or  classes  of  plants  in 
the  summary. 
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STRUCTÜRE   OF  THE   STEH 


STEM  OF  MONOCOTYLEDONOÜS  PLANTS 


96.  Gross  Structure.  —  Refer  back  to  the  sketches  of  the  com- 
seedling,  to  recall  Bomething  of  the  early  history  of  the  com-stem. 
Study  the  extemal  appearance  of  a  piece  of  com-stem  or  bamboo 
two  feet  or  more  in  length.  Note  the  character  of  the  outer  surface. 
Sketch  the  whole  piece  and  label  the  enlarged  nodes  and  the  nearly 
cylindrical  intemodes.  Cut  across  a  corn-stem  and  examine  the  cut  siu*- 
face  with  the  magnifying  glass. 
Make  some  sections  as  thin  as 
they  can  be  cut  and  examine 
with  the  magnifying  glass 
(holding  them  up  to  the  light) 
or  with  a  dissecting  microscope. 
Note  the  firm  rind,  composed 
of  the  epidermis  and  underlying 
tissue,  the  large  mass  of  pith 
composing  the  main  bulk  of  the 
stem,  and  the  many  little  harder 
and  more  opaque  spots,  which 
are  the  cut-off  ends  of  the 
Woody  threads  known  tiaßbro- 
vasctäar  bundles  (Fig.  52). 

Split  a  portion  of  the  stem 
lengihwise  into  thin  translucent    <»»  flbro-Tascular  bündle» ;  ge,  pithy  material 
slices  and  notioe  whether  the  between  bündle«, 

bundles  seem  to  run  straight  up  and  down  its  length;  sketch  the 
entire  section  x  2.  Every  fibro-vascular  bündle  of  the  stem  passes  out- 
ward through  some  node  in  order  to  connect  with  some  fibro-vascular 
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Fio.  62. — Diagrammatlc  Croe»-Section 
of  Stem  of  Indian  Com. 
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bündle  of  a  leaf.  This  fact  being  known  to  the  Student  would  lead 
him  to  expect  to  find  the  buudles  bending  out  of  a  vertical  position 
more  at  the  nodes  than  elsewhere.  Can  this  be  seen  in  the  stein 
examined  ? 

Observe  the  enlargement  and  thickening  at  the  nodes,  and  split 
one  of  these  lengthwise  to  show  the  tissue  within  it. 

Compare  with  the  corn-stem  a  piece  of  palmetto  and  a  piece  of 
cat-brier  (^Smilax  rotuhdifoHoy  S.  hispUla,  etc.),  and  notice  the  sind- 
larity  of  structure,  except  for  the  fact  that  the  tissue  in  the  pahnetto 
and  the  cat-brier  which  answers  to  the  pith  of  the  corn-stem  is  much 
darker  colored  and  harder  than  corn-stem  pith.  Compare  also  a  piece 
of  rattan  and  of  bamboo. 

97.  Minute  Structure.  —  Cut  a  thin  cross-section  of  the  corn-stem, 
exaniine  with  a  low  power  of  the  microscope,  and  note : 

(a)  The  rind  (not  true  bark),  composed  largely  of  hard,  thick- 
walled  dead  cells,  known  as  sclerenchyma  fibers. 

(6)  The  fibro-vascular  bundles.  Where  are  they  most  abuudaut  ? 
least  abundant  ? 

(r)  The  pith,  occupying  the  intervals  between  the  fibro-vascular 
bundles. 

Study  the  bundles  in  various  portions  of  the  section  and  notice 
particularly  whether  some  are  more  porous  than  others.     Explain. 
Sketch  some  of  the  outer  and  some  of  the 
inner  ones. 

A  more  complicated  kind  of  monocoty- 
ledonous  stem-structure  can  be  studied  to 
advantage  in  the  surgeons'  splints  cut  from 
yucca-stems  and  sold  by  dealers  in  surgical 
supplies. 

F,o.53.-Diagraminatic  9»-     MCChaiUCal      FuilCtiOn      Of      thC 

cross^ctionof  Stern  of    Mannet  of   Distribution  of  MateriaLl 

Bulrush   (Scirpus)f  a  ^^^ 

Hollow  cyiinder  with     in    Monocotylodonous    Stoms.  —  The 

strengthening  Fibe«.       wcll-knowii  strcngth  and  lightness  of 

the  straw  of  our  smaller  grains  and  öi  rods  of  cane  or 

bamboo  are  due  to  their  form.     It  can  readily  be  shown 
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by  experiment  that  an  iron  or  steel  tube  of  moderate  thick- 
ness,  like  a  piece  of  gas-pipe,  or  of  bicycle-tubing,  is  much 
stifFer  than  a  solid  rod  of  the  same  weight  per  foot.  The 
oat  straw,  the  stems  of  bulrushes  (Fig.  53),  the  cane  (of 
OUT  southem  canebrakes),  and  the  bamboo  ai*e  hoUow 
cylinders  ;  the 
comstalk  is  a 
solid  cylinder, 
but  filled  with  a 
very  light  pith. 
The  flinty  outer 
layer  of  the 
stalk,  together 
with  the  closely 
packed  scleren- 
chyma  fibers  of 
the  onter  rind 
,  and  the  freqnent 
fibro-vascular 
bundles  just 
within  this,  are 
arranged  in  the 
best  way  to  se- 
cure  stiffness. 
In  a  general 
way,  then,  we  may  say  that  the  pith,  the  bundles,  and  the 
'sclerenchymatous  rind  are  what  they  are  and  where  they 
are  to  serve  important  mechanical  purposes.  But  they 
have  other  uses  fuUy  as  important  (Fig.  78). 

99.   Growth  of  Monocotyledonous  Stems  in  Thickness.  — 
In   most   Woody   monocotyledonous  stems,   for  a  reason 


Fig.  M.  — Group  ofDate-Palms. 
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which  will  be  explained  later  in  this  chapter,  the  increase 
in  thickness  is  strictly  limited.  Such  stems,  therefore,  as 
in  many  palms  (Fig.  54)  and  in  rattans,  are  less  conical 
and  more  cylindrical  than  the  trunks  of  ordinary  trees 
and  are  also  more  slender  in  proportion  to  their  height. 


STEM  OF   DICOTYLEDONOUS  PLANTS 

100.  Gross  Stnicture  of  an  Anntial  Dicotyledonotis  Stern.  —  Study 
the  external  appearance  of  a  piece  of  suDflower-stem  several  inches 
long.  If  it  shows  distinct  nodes,  sketch  it.  Examine  the  cross- 
section  and  sketch  it  as  seen  with  the  magnifying  glass  or  the  4is80ct- 
ing  microscope.  Afier  your  sketch  Isfinished,  compare  it  with  Fig.  55, 
which  probably  shows  more  details  than  your  drawing,  and  label 
the  parts  shown  as  they  are  labeled  in  that  figure.  Split  a  short 
piece  of  the  stem  lengthwise  through  the  center  and  study  the  split 
surface  with  the  magnifying  glass.  Take  a  sharp  knife  or  a  scalpel 
and  carefully  slice  and  then  scrape  away  the  bark  until  you  oome  to 
the  outer  surface  of  a  bündle. 

Examine  a  vegetable  spouge  {Luffa),  sold  by  druggists,  and  notice 
that  it  is  simply  a  network  of  fibro-vascular  bundles.  It  is  the  skele- 
ton  of  a  tropical  seed-vessel  or  fruit,  very  much  like  that  of  the  wild 
cucumber,  common  in  the  Central  States,  but  a  great  deal  larger. 

The  different  layers  of  the  bark  cannot  all  be  well  recognized  in  the 
examination  of  a  single  kind  of  stem.  Examine  (a)  the  cork  which 
constitutes  the  outer  layers  of  the  bark  of  cherry  or  birch  branches 
two  or  more  years  old.  Sketch  the  roundish  or  oval  spongy  lenticels 
on  the  outer  surface  of  the  bark.  How  far  in  do  they  extend  ?  Exam- 
ine (b)  the  green  layer  of  bark  as  shown  in  twigs  or  branches  of 
Forsythia,  cherry,  alder,  box-elder,  wahoo,  or  willow.  Examine  (c) 
the  white,  fibrous  inner  layer,  known  as  hard  hasty  of  the  bark  of 
elm,  leatlierwood,  pawpaw,  or  basswood. 

101.  Minute  Stnicture  of  the  Dicotyledonous  Stem.  —  Study,  first 
with  a  low  and  then  with  a  medium  power  of  the  Compound  micro- 
scope, thin  cro8S:«ections  of  clematis-stem  cut  just  before  the  end  of 
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the  first  season's  growth.^  Sketch  the  whole  section  without  mach 
detail,  and  then  make  a  detailed  drawing  of  a  sector  running  from 
Center  to  circumference  and  juat  wide  enough  to  include  one  of  the 
large  bimdles.    Label  these  drawings  in  general  like  Figs.  55,  56. 


./t 


Fio.  85.  —  Dlagraniinatle  Crow-Section  of  an  Annual  Diootyledonous  Stein. 
(Somewhat  magnified.) 

p,  pith ;  /r,  woody  or  fibro-rmBoulur  btmdles ;  e,  epidermlB ;  b,  bündle«  of  hard 
bast  flbera  of  the  bark. 


Fig.  66.  —  Diagranunatio  Croes-Seotion  of  One-Year-Old  ArUtolochia  Stern. 
(Conaiderably  magnified.) 

e,  regkm  of  epidermit ;  6«  hard  bast ;  o,  onter  or  bark  pari  of  a  bündle  (the 
oellular  portion  ander  the  letter) ;  w^  inner  or  woody  part  of  biindle  ;  c,  cam- 
bium  layer ;  p,  r^on  of  pith ;  m,  a  mednllary  tay. 

The  Space  betveen  the  hard  bast  and  the  bündle«  i»  occupied  by  thln-walled, 
-  somewhat  cnbieal  cells  of  the  bark. 


1  ClemaHs  virginiana  is  simpler  in  stmctare  than  some  of  the  other  woody 
Bpecies.    Arittolochia  Bections  will  do  very  well. 
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Note: 


(a)  The  general  outline  of  the  section. 

(b)  The  number  and  arrangement  of  the  bundles.      (How 

many  kinds  of  bundles  are  there?) 

(c)  The  comparative  areas  occupied  by  the  woody  part  of  the 

bündle  and  by  the  part  which  belongs  to  the  bark. 

(d)  The  way  in  which  the  pith  and  the  outer  bark  are  con- 

nected (and  the  bundles  separated)  by  the  medullary  rays. 


Fio.  67.  —  One  Bündle  from  the  Preoedlng  Figure.    (x  100.) 

to,  wood-cellB ;  d,  ducts.    The  other  leiten  are  as  in  Fig.  66.    Many  sieve-cellB 

occur  in  the  reglon  Just  outside  of  the  cambiam  of  the  btindle. 


Examine  a  longitudinal  section  of  the  same  kind  of  stem,  to  find 
out  more  accurately  of  what  kinds  of  cells  the  pith,  the  bundles,  and 
the  outer  bark  are  built.  Which  portion  has  cells  that  are  nearly 
equal  in  shape,  as  seen  in  both  sections  ? 
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102.  Mechanical  Importance  of  Distribution  of  Material 
in  the  Dicotyledonous  Stern.  —  It  is  easy  to  see  that  those 
tissues  which  are  tough,  like  hard  hast,  and  those  which 
are  both  tough  and  stiff,  like  wood  fibers,  are  arranged  in 
a  tubulär  fashion  in  young  dicotyledonous  stems  as  they 
are  in  some  monocotyledonous  ones  (Fig.  53).  Sometimes 
the  interior  of  the  stem  is  quite  hollow,  as,  for  example, 


Fio.  68. — stem  of  Boz-£lder  One  Tear  Old.    (Mnoh  magnified.) 

A,  lengthwise  (radial)  section  ;  B^  crosa-Bection  ;  e,  epidermis  ;  ck,  cork  ;  &,  hard 
bast ;  «,  siere-oelLi ;  c,  cambium  ;  u^,  wood-cells  ;  m,  medullary  rays  ;  d, 
dacts ;  p^  pith. 

in  the  stems  of  balsams,  melons,  cucumbers,  and  squashes, 
and  in  the  flower-stalks  of  the  dandelion.  In  older  stems, 
such  as  the  trunks  of  trees,  the  wood  forms  a  pretty  nearly 
solid  cylinder. 

Stiffness  in  dicotyledonous  stems  is  secured  mainly  in 
two  ways:'(l)  by  hard  hast  fibers,  (2)  by  wood  fibers. 
Which  of  these  types  does  the  stem  (Fig.  55)  represent? 
Which  does  theflax-stem  (Fig.  60)  represent? 
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Notice  that  in  both  types  hast  fibers  and  wood  fibers  are 
present,  but  the  proportions  in  (1)  and  (2)  vary  greatly. 

103.  Kinds  of  Cells  which  compose  Sterns.  —  The  Stu- 
dent has  already  seen  something  of  cells  in  the  seed,  in 
the  foots  of  seedlings  and  mature  plants,  and  in  several 
kinds  of  stems.  But  he  will  need  to  become  acquainted 
with  a  much  larger  variety  of  cells  in  the  stem.  The  fol- 
lowing  materials  will  serve  to  illustrate  some  of  the  most 
important  forms.^ 

Examine  with  a  half-inch  objective  and  one-iuch  eyepiece  (or 
higher  power)  these  preparations  (1-9  below)  : 

Study  very  carefully  each  of  the  sections  described,  find  in  it 
the  kind  of  cell  referred  to  in  the  corresponding  number  (1-0)  of 
the  following  section  (104),  and  make  a  good  sketch  of  a  group  of 
cells  of  each  kind  as  actually  seen  ander  the  microscope.' 

(1)  Very  thin  sectiona  of  the  epidermis  of  a  potato,  some  cut  parallel 
to  the  surface  (tangential),  others  cut  at  right  angles  to  the  epidermis. 

(2)  Thin  sections  of  the  green  layer  of  the  bark  of  Forsythia, 
spindle  tree  (Euonymu»),  or  box-elder  (Negundo). 

(3)  Thin  cross-sections  and  longitudinal  sections  of  the  inner  bark 
of  linden  twigs,  or  of  full-grown  stenis  of  flax. 

(4)  Longitudinal  sections  of  the  stem  of  squash  or  cucumber  plants. 

(5)  Thin  cross-sections  of  young  twigs  of  pine  or  oak,  cut  in  lata 
Summer. 

(6)  Thin  cross-sections  and  longitudinal  sections,  cut  from  pith 
toward  bark  (radial)  of  youug  wood  of  sycamore,  of  sassafi-as,  or  of 
box-elder. 

(7)  Thin  longitudinal  sections  of  the  stem  of  castor-oil  plant 
(Ricinus)  or  of  the  stalk  (peduncle)  on  which  the  fruit  of  the 
banana  is  supported. 

1  These  studies  raay  be  made  from  sections  cut  by  the  pnpil,  by  the  teacber,  or 
by  a  professional  band,  as  circumstances  may  dictate.  The  Rof(  hast  (No.  4,  see 
p.  91)  can  best  be  studied  in  good  prepared  sections  obtained  of  the  dealers. 

3  Nothing  can  do  so  mach  to  make  these  studies  valuable  as  for  the  teacher 
to  correct  in  class  the  errors  of  most  frequent  occurrence  in  the  drawlngs,  by 
aid  of  bis  own  camera  lucida  drawings  of  the  same  objects. 
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(8)  Thin  longitudinal  radial  sections  of  sycamore,  of  Sassafras, 
maple,  or  box-elder  wood. 

(9)  Thin  sections  of  eider  pith,  sunflower-stem  pith,  or  of  so-oalled 
Japanese  "  rice-paper." 

104.   Names  of  the  Cells  of  Bark,  Wood,  and  Pith.  —  No 
two  varieties  of  stems  will  be  found  to  consist  of  just  the 


C      D 

Fio.  69.  —  Ä,  JJ,  C, 
D,  lBoUt«d  Wood- 
Cells  and  BMt- 
CellB  of  Linden. 

A,  B,  wood  Aber« ;  C, 
plece  of  a  Terael; 
/>,  batt  Aber;  f,a 
partitioned^woody 
Aber  from  Euro- 
pean ivy.  (Mnch 
magnifled.) 

(4)   Soft  hast 
greatly 


Fio.  60.  —  Part  of  Croas-Section  of  Stern  of  Flax. 
(Mncb  magnifled.) 

e,  epidermis  ;  6,  bard  bast ;  «,  sieTO-cellB  ;  tr,  wood. 

same  kinds  of  cells,  present  in  the  same 
proportions,  but  it  is  easy  to  refer  to  illus- 
trations  which  will  serve  to  identify  the 
kinds  of  cells  found  in  the  studies  of  the 
preceding  section.     They  are  : 

(1)  Cork-cells    of    the    epidermis    (e.g,,    flax, 
Fig.  60,  e), 

(2)  Cells  of  the  green  bark  {e.g.,  flax,  Fig.  60), 
between  h  and  e. 

(3)  Hard  bast  (Fig.  60). 
(e.<7.,  flax,  Fig.  60,  «,  for  the  cross-section  and  (very 
magnifled)  Figs.  63,  64,  for  the  lengthwise  section).^ 


1  The  sieve-tubes  shown  in  these  flgures  are  only  one  of  several  kinds  of 
cell  fonnd  in  soft  bast,  but  they  are  tbe  most  peculiar  and  characteristic  ones. 
(See  Strasborger,  Neil,  Qchenk,  and  Schimper's  Text-Book,  pp.  102-104.) 


92 


FOUNDATIONS  OF  BOTANY 


(5)  Cambium  (c.<7.,  Fig.  57,  c). 

(6)  Wood-cells  (e.^.,  Figs.  58,  72-73). 

(7)  Vesselfl  or  ducts  {e.g,^  Figs.  58  and  62). 

(8)  Wood  parenchyma  {e.g,,  Figs.  58  and  72  in  the  medullary 

rays). 

(9)  Pith  {e.g.y  Figs.  55,  57). 

105.   Structure  of  Coniferous  Wood.  —  In  the  wood   of 
the  cone-bearing  trees  of  the  pine  family  regulär  ducts  or 


FlO.  61.  Fl0..e2. 

Fig.  61.  —  A  Qroup  of  Hard  Bast  Fibera.    (Greatly  magnffled.) 
et,  cat-off  ends  ;  fr,  lengthwise  section  of  fiben. 

Fio.  62.  —  A  I^engthwise  Sectlon  (greatly  magnified)  of  a  Group  of  Spiral  Yess«]« 
from  the  Stein  of  Suuflower.  At  the  top  of  the  figure  some  of  the  spiral 
threads  which  line  the  Tessels  are  seen  partly  uncoiled. 

vessels  are  lacking.     The  main  bulk  of  the  wood  is  eom- 
posed  of  long  cells  (often  called  tracheids)^  marked  with 
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peculiar  pits.  These  pits,  when  young,  are  shaped  much 
like  two  perforated  watch-glasses,  plaeed  again^t  a  piece 
of  Cardboard,  with  their  concave  sides  toward  each  other 


m  m 

Fjq.  63.  FlO.  64.  Fia.  66. 

Fig.  63.  —  Part  of  a  Siere-Tube  from  Linden. 
«,  tiere-plates  on  the  cell-wall.    (x  about  900.) 

Flo.  64.  —  Parts  of  Sieve-Tubee  as  found  in  Planta  of  the  Oourd  Family. 
(Oreatly  magnifled.) 

«, «,  a  siere-plate  seen  edgewise  ;  above  it  a  similar  one,  surface  view. 

FlQ.  65.  — Cross-Section  of  Fir  Wood. 
«,  a  reein  paasage ;  m,  medullary  rays.    (Mach  magnifled.) 
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(8ee  Fig.  66,  t").  The  cardboard  represents  a  part  of  the 
cell-wall  common  to  two  adjacent  cells,  and  the  watch- 
glasses  are  like  the  convex  border  bulg^g  into  each  cell. 

When  the  cells  grow  old  the 
partition  in  each  pit  very  com- 
monly  breaks  away  and  leaves 
a  hole  in  the  cell-wall. 

106.  Tissues.  —  A  mass  of 
similar  coöperating  cells  is  called 
a  turne}  Two  of  the  principal 
classes  which  occur  in  the  stem 
are  parenchymatotcs  tissue  and 
prosenchymatous  tissne.  Parevr 
chyma  is  well  illustrated  by  the 
green  layer  of  the  bark,  by  wood 
parenchyma,  and  by  pith.  Its 
cells  are  usually  somewhat 
roundish  or  cubical,  at  any  rate 
not  many  times  longer  than  wide, 
and  at  first  pretty  füll  of  proto- 
plasm.  Their  walls  are  not 
generally  very  thick.*  Prosevr 
chyma^  illustrated  by  hard  hast 
and  masses  of  wood-cells,  con- 
sists  of  thick-walled  cells  many 
times  longer  than  wide,  containing  little  protoplasm  and 
often  having  little  or  no  cell-cavity. 

As  a  rule  the  stems  of  the  most  highly  developed  plants 
owe  their  toughness  and  their  stiffness  mainly  to  prosen- 

1  See  Vines'  Students*  Text-Book  of  Botany,  London,  1894,  pp.  131-144. 
>  Excepting  when  they  are  dead  and  emptied,  like  those  of  old  pith. 


Fio.  06.  —  Longitudinal  Radial  Sec- 
tion  through  a  Rapidly  Growing 
Toung  Branch  of  Pine. 

f ,  f ,  ft  bordered  pit»  on  wood-cells ; 
itj  large  pits  where  medollary 
rays  lie  against  wood-oells. 
(Mach  magnifled.) 
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Tio.  67.  —  Collenehymatoiu 
asd  Other  Tiasue  f rom  Stern 
of  Balwiin  (Impaiitns). 


chymatous  tissue.  In  some  (particu* 
larly  in  fleshy)  stems  tbe  stiffness  is, 
however,  largely  due  to  collenehymay  a 
kind  of  parenchyma  in  which  the  cells 
are  thickened  or  reinforced  at  their 
angles,  as  shown  in  Fig.  67. 

107.  Early  History  of  Stem-Struc- 
ture.  —  In  the  very  young  parts  of 
stems,  such, 

forinstance,    ^fy  ^^    \  b 

as  the  grow- 


twAen  large  parenehym»- 
eells. 


e,epidermifl;e,ool]enehyina;     .  .      . 

i,  interaellnlar  spaoes  be.    ^g    pOint 

between  the 

two  rudi- 
mentaiy  leaves  of  a  bean-plumule, 
the  cells  are  all  of  thin-walled 
formative  tUme  and  look  a  good 
deal  alike.  This  condition  of 
things  is  qnickly  succeeded  by 
one  in  which  there  is  a  cylinder 
(appearing  in  cross-sections  of  the 
stem  as  a  ling)  of  actively  growing 
tissue  X  (Fig.  68,  J.),  lying  between 
the  cortex  r  and  the  pith  m.  Soon 
the  cylinder  x  develops  into  a  ^'  *'*«'  *^«  "^^  ^**«  J^*  •p- 

peared  outofde  the  testa  of  the 

senes  of  separate  nbro-yascular 
bundles  arranged  as  shown  in 
Fig.  68,  i?,  and  these  again  in  a 
short  time  unite,  as  shown  at  O, 
A  comparison  of  this. last  portion 
of  the  fignre  with  that  of  the 


Fig.  68.  —  TransTene  Section 
through  the  Hypoootyl  of  the 
Ca«tor-Oil  Plant  at  Variont 
Stages. 


seed;  B,  after  the  hypoootyl  is 
nearly  an  Inch  long ;  C,  at  the 
end  of  germination ;  r,  cortex 
(nndeyeloped  bark);  m,  plth; 
•r,  medullary  rays;  fo^  flbro- 
▼ascolar  bundles;  c&,  layer  of 
tissue  which  Is  to  derelop  Into 
cambium.  (Considerably  mag- 
nlfled.) 
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one-year-old  Aristolochia-stem  (Fig.  56)  shows  a  decided 
similariiy  between  the  two.  In  both  cases  we  have  the 
central  pith,  the  regularly  grouped  bundles,  and  cambium 
(or  in  Fig.  68,  (7,  a  tissue  which  will  grow  into  cambium), 
—  part  of  it  in  the  bundles  and  part  of  it  between  them. 

In  the  young  monocotyledonous  stem  the  grouping  of 
the  bundles  is  less  regulär  than  that  just  explained.  This 
is  shown  by  Fig.  62.  A  much  more  important  difference 
consists  in  the  fact  that  the  monocotyledonous  stem  has 
usually  no  permanent  living  cambium  ring.  Annual  dicoty- 
ledons,  however,  are  also  destitute  of  peimanent  cambium. 

108.  Secondary  Growth.  —  From  the  inside  of  the  cam- 
bium layer  the  wood-cells  and  ducts  of  the  mature  stem 
are  produced,  while  from  its  outer  circumference  proceed 
the  new  layers  of  the  inner  bark,  composed  largely  of  sieve- 
cells  and  hard  hast.  From  this  mode  of  increase  the  stems 
of  dicotyledonous  plants  are  called  exogenou»^  that  is,  out- 
side-growing.  The  presence  of  the  cambium  layer  on  the 
outside  of  the  wood  in  early  spring  is  a  fact  well  known 
to  the  schoolboy,  who  pounds  the  cylinder  cut  from  an 
eider,  willow,  or  hickory  brauch  until  the  bark  will  slip 
oft  and  so  enable  him  to  make  a  whistle.  The  sweet  taste 
of  tlüs  pulpy  layer,  as  found  in  the  white  pine,  the  slippery 
elm,  and  the  basswood,  is  a  familiär  evidence  of  the 
nourishment  which  the  cambium  layer  contains. 

With  the  increase  of  the  fibro-vascular  bundles  of  the 
wood  the  Space  between  them,  which  appears  relatively 
litrge  in  Fig.  68,  becomes  less  and  less,  and  the  pith,  which 
at  first  extended  freely  out  toward  the  circumference  of 
the  stem,  is  at  length  only  represented  by  thin  plates,  the 
meduUary  rays. 
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These  are  o£  use  in  storing  the  food  which  the  plant 
in  cold  and  temperate  climates  lays  up  in  the  summer  and 
fall  for  nse  in  the  following  spring,  and  in  the  very  young 
Stern  they  serve  as  an  important  Channel  for  the  transfer- 
ence  of  fluids  across  the  stem  from  bark  to  pith,  or  in  the 


Fio.  60.— Diagnun  to  lllustrate  Secondary  Orowth  in  a  DicotyledonooB  Stem. 

7?,  tbe  flnt-formed  bark ;  p,  maas  of  sieve-isella  ;  ifp,  mass  of  8ieve-<;ella  between 
the  original  wedgea  of  wood  ;  /c,  cainbium  of  wedgea  of  wood  ;  ic,  cambium 
between  wedgee  ;  6,  group«  of  bast-cells ;  /A,  vood  of  the  original  wedges ; 
«/Ä,  wood  formed  between  wedgea ;  j,  earliest  wood  forraed  ;  3f,  pith. 

reverse  direction.  On  aceount,  perhaps,  of  their  impor- 
tance  to  the  plants,  the  eells  of  the  meduUary  rays  are 
among  the  longest  lived  of  all  plant-cells,  retaining 
their  vitality  in  the  beech  tree  sometimes,  it  is  said,  for 
more  than  a  hundred  years. 

After  the  interspaces  between  the  first  fibro-vascular 
bundles  have  become  filled  up  with  wood,  the  subsequent 
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growth  must  take  place  in  the  manner  shown  in  Fig.  69. 
All  the  cambium,  both  that  of  the  original  wedges  of  wood, 
/<?,  and  that,  ic,  formed  later  between  these  wedges,  con- 
tinues  to  grow  from  its  inner  and  from  its  outer  face,  and 
thus  causes  a  permanent  increase  in  the  diameter  of  the  stem 
and  a  thickening  of  the  bark,  which,  however,  UBually  at 
an  early  period  begins  to  peel  oft  from  the  outside  and 
thus  soon  attains  a  pretty  constant  thickness.^  It  will  be 
noticed,  in  the  study  of  dicotyledonous  stems  more  than  a 
year  old,  that  there  are  no  longer  any  separate  fibro-vascular 
bundles.  The  process  just  described  has  covered  the  origi- 
nal ring  of  bundles  with  layer  after  layer  of  later  formed 
wood-cells,  and  the  wood  at  length  is  arranged  in  a  hoUow 
cylinder. 

It  is  the  lack  of  any  such  ring  of  cambium  as  is  found 
in  dicotyledonous  plants,  or  even  of  permanent  cambium 
in  the  separate  bundles,  that  makes  it  impossible  for  the 
trunks  of  most  palm  trees  (Fig.  64)  to  grow  indefinitely 
in  thickness,  like  that  of  an  oak  or  an  elm.^ 

109.  Grafting.  —  When  the  cambium  layer  of  any  vigor- 
ously  growing  stem  is  brought  in  contact  with  this  layer 
in  another  stem  of  the  same  kind  or  a  closely  similar  kind 
of  plant,  the  two  may  grow  together  to  form  a  Single  stem 
or  branch.  This  process  is  called  graftmg^  and  is  much 
resorted  to  in  order  to  secure  apples,  pears,  etc.,  of  any 
desired  kind.  A  twig  from  a  tree  of  the  chosen  variety  is 
graf  ted  on  to  any  kind  of  tree  of  the  same  epecies  (or  some- 
times  a  related  species),  and  the  resulting  stems  will  bear 
the  wished-for  kind  of  fruit.     Sometimes  grafting  comes 

1  See  Vines'  Students*  Text-Book  of  Botany,  London,  1894,  pp.  211,  212. 
^  See,  however,  Strasburger,  Noll,  Schenk  and  Schimper'a  Text-Bf^ok, 
pp.  138, 139. 
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about  naturally  by  the  branches  of  a  tree  chafing  against  one 
another  until  the  bark  is  wom  away  and  the  cambium  layer 
of  each  is  in  contact  with  that  of  the  other,  or  two  separate 
trees  may  be  joined  by 
natural  grafting,  as  is 
shown  in  Fig.  70. 

110.  Stem-Strutture 
of  Climbing  Shrubs.  — 
Some  of  the  most  remark- 
able  kinds  of  dieotyle- 
donous  stems  are  found 
in  climbing  shrubs.  The 
structure  of  many  of 
these  is  too  complicated 
to  be  discussed  in  a 
botany  f  or  beginners,  but 
one  point  in  regard  to- 
them  is  of  much  inter- 
est.  The  bundles  (as 
Seen  in  the  clematis  and 
shown  in  Fig.  66)  are 
much  more  distinct  than 
in  most  other  woody 
stems.  Even  after  sev- 
eral  years  of  growth  the 
wood  is  often  found  to  be 
arranged  in  a  number  of 
flattish  twisted  Strands. 
It  is  evident  that  this  is  for  the  sake  of  leaving  the 
stem  flexible  for  twining  purposes,  just  as  a  wire  cable  is 
adapted  to  be  wound  about  posts  or  other  supports,  while 


Fio.  70.  —  Two  Ash  Trees  naturally 
grafted  together. 
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a  solid  Steel  or  iron  rod  of  the  same  size  would  be  too 
stiff  for  this  use. 

111.  The  Dicotyledonous  Stern,  thickened  by  Secondary  Growth.  — 
Cut  ofif,  as  smoothly  as  possible,  a  small  branch  of  hickory  and  one  of 
white  oak  above  and  below  each  of  the  rings  of  scars  already  mentioned 

(Sect.  77),  and  count  the 
p     rings  of  wood  above  and 
below  each  ring  of  scars. 

How  do  the  numbers 
correspond?    What  does 
PM  this  indicate? 

Count  the  rings  of 
wood  on  the  cut-oflf  ends 
^  of  large  billets  of  some 
of  the  following  woods; 
1  o  c  u  s  t,  chestnut,  syca- 
more,  oak,  hickory. 

Do  the  successive  rings 
of  the  same  tree  agree  in 
thickness  ? 

Why?  or  why  not? 
Does  the  thickness  of 
the  rings  appear  uniform 
all  the  way  round  the  stick 
of  wood?  If  not,  the  rea- 
son  in  the  case  of  an  up- 
right  stem  (trunk)  is  per- 
haps  that  there  was  a  greater  spread  of  leaves  on  the  side  where  the 
rings  are  thickest  ^  or  because  there  was  unequal  pressure,  caused  by 
bending  before  the  wind. 

Do  the  rings  of  any  one  kind  of  tree  agree  in  thickness  with 
those  of  all  the  other  kinds?     What  does  this  show  ? 
In  all  the  woods  examined  look  for  : 
(a)  Contrasts  in  color  between  the  heartwood  and  the  sapwood.* 

1  See  Sect.  118. 

3  This  is  admirably  shown  in  red  cedar,  black  walnut,  barberry,  black 
locast  and  osage  orange. 


\JR 


\JR 


FiQ.  71.  — CroBB-Section  of  a  Three-Year-Old 
Linden  Twig.    (Much  magnifled.) 
P,  epidermls  and  corky  layer  of  the  bark  \  Phl^  bast ; 
C,  cambium  layef ;  Ji?,  annual  rings  of  wood. 
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(b)  The  narrow  lines  running  in  very  young  stems  pretty  straight 
from  pith  to  bark,  in  older  wood  extending  only  a  little  of  the  way 
f  rom  Center  to  bark,  the  medullary  rays,  shown  in  Fig.  72.^ 

(c)  The  wedge-shaped  masses  of  wood  between  these. 

(d)  The  pores  which  are  so  grouped  as  to  mark  the  divisions 
between  Buccessive  ring^.     These  pores  indicate  the  cross-sections  of 

vessels  or  ducts.      Note  the  dis- 
i>.  .j^^^^l^^^^^^^^^^^lfr^^      tribution  of  the  vessels   in   the 

rings  to  which  they  belong,  com- 


Fio.  72.  ~Croe»-Section  of  Beeoh-Wood. 
5,  b«rk ;  a,  flattened  oells  formed  near 
end  of  each  jear*!  growth ;  w,  regu^ 
Itfirood-oeUs ;  m, medullary ray. 


Fio.  73.  —  Longitudinal  Section  of 
Mabogany  at  Right  Angles  to 
Medullary  Rays,  Bhowing  Cut- 
off Endi.    (Much  magnifled.) 


pare  this  with  Figs.  58,  72,  and  decide  at  what  season  of  the  year 
the  largest  ducts  are  mainly  produced.  Make  a  careful  drawing 
of  the  end-0ection  of  one  billet  of  wood,  natural  size. 

Cut  ofF  a  grapeyine  several  years  old  and  notice  the  great  size  of 


1  These  and  manj  other  important  things  are  admirably  shown  in  the  thin 
wood-sections  fumiahed  for  $4  per  set  of  24  by  R.  B.  Hough,  LowvUle,  N.  Y. 
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the  vessels.  Examine  the  smoothly  planed  Burface  of  a  billet  of  red 
oak  that  has  been  split  through  the  middle  of  the  tree  (quartered 
oak),  and  note  the  large  shining  plates  formed 
by  the  raeduUary  rays. 

Look  at  another  stick  that  has  been  planed 
away  from  the  outside  until  a  good-sized  flat 
surface  is  shown,  and  see  how  the  medollary 
rays  are  here  represented  only  by  their 
edges. 

112.  Interruption  of  Annual  Rings  by 
Branches ;  Knots.  —  When  a  leaf-bud  is 
formed  on  the  trank  or  branch  of  a 
dicotyledonous  tree,  it  is  connected  with 
the  wood  by  fibro-vascular  bundles.  As 
the  bud  develops  into  a  branch,  the  few 
bundles  which  it  originally  possessed 
increase  greatly  in  number,  and  at 
length,  as  the  branch  grows,  form  a 
cylinder  of  wood  which  cuts  acrass  the 
annual  rings,  as  shown  in  Fig.  74. 
This  Interruption  to  the  rings  is  a  knot, 
such  as  one  often  sees  in  boards  and 
planks.  If  the  branch  dies  long  before 
the  tree  does,  the  knot  may  be  buried  under  many  rings 
of  wood.  What  is  known  as  clear  lumber  is  obtained 
from  trees  that  have  grown  in  a  dense  forest,  so  that  the 
lower  branches  of  the  larger  trees  were  killed  by  the  shade 
many  years  before  the  tree  was  felled. 

In  pruning    fruit    trees   or  shade   trees  the  branches 
which  are  removed  should  be  cut  close  to  the  trank.     If 
this  is  done,  the  growth  of  the  trank  will  bury  the  scar 
^  decay  sets  in. 


Fio.  74.  —  Formfttion  of 
a  Knot  in  a  Tree- 
Tnink. 

R,  cui-off  end  of  Btick, 
Bhowing  annual  rings ; 
K,  knot,  formed  by 
growth  of  a  branch. 


STRÜCTÜRE  OF  THE  STEM 


108 


113.   CompariMn  of  the  Monoootyladoiuma  and  the  Diootyledonous 
Stem.^ 

momocottlxdomoub  dicottlkdonoub 

Stzm  Stbm 


General  Stmcture. 


A  hard  rind  of 
rather  uniform  struc- 
ture.  Bundles  inter- 
mixed  with  the  pith. 


Strncture  of 
Bnndles. 

Growth  in  Thick- 
ness. 


Bundles  closed, 
that  is,  without  per- 
manent cambium. 

Cells  of  mature 
parts  of  Btem  expand 
Bomewhat,  bat  (in 
most  palms)  new  ones 
are  not  found. 


A  complex  bark, 
usually  on  young 
shoots  consisting  of 
a  corky  layer,  a  g^en 
layer,  and  a  layer  of  . 
bast.  Wood  in  an- 
nual  rings.  Pith  in  ' 
a  cylinder  at  the  cen- 
ter. 

Bundles  open,  with 
permanent  cambium. 

New  wood-<!ellB 
formed  throughout 
growing  season  from 
cambium  ring. 


114.   Herkw  Sketches  and  Diagrams. 

(1)  Monocotyledonous  stem  (lengthwise  section). 

(2)  Dicotyledonous  stem  (lengthwise  section). 

(3)  First  appearance  of  bundles  in  dicotyledonous  stem. 

(4)  Dicotyledonous  stem  five  years  or  more  old  (cross-section). 

(5)  Yarious  bark-cells. 

(6)  Yarious  cells  from  wood. 

(7)  Pith-oells. 

(8)  CoUenchymarcells. 


1  ThiB  oompariBon  applies  only  to  most  of  the  woody  or  tree-like  stems. 
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CHAPTER   VII 
nVING  PARTS  OF  THE  STEM ;   WORK  OF    THE    STEM 

115.  Active  Portions  of  the  Sterns  of  Trees  and  Shrubs. 
—  In  annual  plants  generally  and  in  the  very  young 
shoots  of  shrubs  and  trees  there  are  stomata  or  breathing 
pores  whieh  occur  abundantly  in  the  epidermis,  serving 
for  the  admission  of  air  and  the  escape  of  moisture,  while 
the  green  layer  of  the  bark  answerd  the  same  purpose  that 
is  served  by  the  green  pulp  of  the  leaf  (Chapter  XI). 
For  years,  too,  the  spongy  lenticels,  which  succeed  the 
stomata  and  occur  scattered  over  the  extemal  surface  of 
the  bark  of  trees  and  shrubs,  serve  to  admit  air  to  the 
interior  of  the  stem.  The  lenticels  at  first  appear  as 
roundish  spots,  of  very  small  size,  but  as  the  twig  or  shoot 
on  which  they  occur  inci-eases  in  diameter  the  lenticel 
becomes  spread  out  at  right  angles  to  the  length  of  the 
stem,  so  that  it  sometimes  becomes  a  longer  transverse  slit 
or  scar  on  the  bark,  as  in  the  cheny  and  the  birch.  But 
in  the  trunk  of  a  large  tree  no  part  of  the  bark  except  the 
innjjf'jayer  is  aHve.  The  older  portions  of  the  bark,  such 
as  tJlÄ'highly  developed  cork  of  the  cork-oak,  from  which 
the  wdinary  stoppers  for  bottles  are  made,  sometimes 
cling  for  years  after  they  are  dead  and  useless  except  as  a 
protection  for  the  parts  beneath  against  mechanical  in juries 
or  against  cold.  But  in  many  cases,  as  in  the  shell-bark  hick- 
ory  and  the  grapevine,  the  old  bark  soon  falls  oflF  in  strips ; 

birches  it  finally  peels  off  in  bands  around  the  stem. 
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The  cambium  layer  is  very  inuch  alive,  and  so  is  the 
young  outer  portion  of  the  wood.  Testing  this  "sap- 
wood,"  particularly  in  winter,  shows  that  it  is  rieh  in 
starch  and  proteids. 

The  heartwood  of  a  full-grown  tree  is  hardly  living, 
unless  the  cells  of  the  medullary  rays  retain  their  vitality, 
and  so  it  may  be  that  wood  of  this  kind  is  useful  to  the 
tree  mainly  by  giving  stiffness  to  the  trunk  and  larger 
branches,  thus  preventing  them  from  being  easily  broken 
by  storms. 

It  is,  therefore,  possible  for  a  tree  to  flourish,  sometimes 
for  centuries,  after  the  heartwood  has  much  of  it  rotted 
away  and  left  the  interior  of  the  triink  hollow,  as  shown 
in  Fig.  75. 

116.  üses  of  the  Components  of  the  Stern.  —  There  is  a 
marked  division  of  labor  among  the  various  groups  of  cells 
that  make  up  the  stem  of  ordinary  dicotyledons,  particu- 
larly in  the  stems  of  trees,  and  it  will  be  best  to  explain 
the  uses  of  the  kinds  of  cells  as  found  in  trees,  rather  than 
in  herbaceous  plants.  A  few  of  the  ascertained  uses  of 
the  various  tissues  are  these: 

The  pith  forms  a  large  part  of  the  bulk  of  very  young 
shoots,  since  it  is  a  part  of  the  tissue  of  comparatively 
simple  structures  amid  which  the  fibro-vascular  bundles 
arise.  In  mature  stems  it  becomes  rather  unimportant, 
though  it  often  continues  for  a  long  time  to  act  as  a  store- 
house  of  f  ood. 

The  medullary  rays  in  the  young  shoot  serve  as  a  Chan- 
nel for  the  transference  of  water  and  plant-food  in  a  liquid 
form  across  the  stem,  and  they  often  contain  much  stored 
food. 
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Fio.  76.  —  Pioneer's  Gabln,  a  Very  Large  Hollov  Sequoia. 

The  vessels   carry  water   upward   and  air   downward 
through  the  stem. 

The  wood-cells  of  the  heartwood  are  useful  only  to  give 
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stiffness  to  the  stem.  Those  of  the  sapwood,  in  addition 
to  this  work,  have  to  carry  niözt  of  the  water  from  the 
roots  to  the  leaves  and  other  distant  portions  of  the  plant. 

The  cambium  layer  is  the  region  in  which  the  annual 
growth  of  the  tree  takes  place  (Figs.  69,  71). 

The  most  important  J>ortion  of  the  inner  bark  is  that 
which  consists  of  sieve-tubes,  for  in  these  digested  and 
elaborated  plant-f ood  is  carried  from  the  leaves  toward  the 
roots. 

The  green  layer  of  the  bark  in  young  shoots  does  much 
toward  coUecting  nutrient  substances,  or  raw  materials, 
and  preparing  the  food  of  the  plant  from  air  and  water, 
but.this  work  may  be  best  explained  in  connection  with 
the  study  of  the  leaf  (Chapter  XI). 

117.  Movement  of  Water  in  the  Stem.  —  The  student 
has  already  leamed  that  large  quantities  of  water  are  taken 
up  by  the  roots  of  plants. 

Having  become  somewhat  acquainted  with  the  structure 
of  the  stem,  he  is  now  in  a  position  to  investigate  the 
question  how  the  various  fluids,  commonly  known  as  sap, 
travel  about  in  it.^  It  is  important  to  notice  that  sap  is 
by  no  means  the  same  substance  everywhere  and  at  all 
times.  As  it  first  makes  its  way  by  osmotic  action  in  ward 
through  the  root-hairs  of  the  growing  plant  it  differs  but 
little  from  ordinary  spring  water  or  well  water.  The 
liquid  which  flows  from  the  cut  stem  of  a  "bleeding" 
grapevine  which  has  been  pruned  just  before  the  buds  have 
begun  to  burst  in  the  spring,  is  water  with  a  Mittle  muci- 
laginous   or  slimy   material   added.     The   sap   which  is 

1  See  the  paper  on  "  The  So-called  Sap  of  Trees  and  its  Morements,"  by 
Frofeseor  Charles  R.  Barnes,  Seienoe,  Vol.  XXI,  p.  535. 
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obtained  from  maple  trees  Ji  lat»*  winter  or  early  spring, 
and  is  boiled  down  iov  c.y."»]»  or  sugar,  is  still  richer  in 
nutritious  material  than  the  '.\-\Un'  of  the  gmpevine,  while 
the  elaborated  sap  which  is  sent  so  abundantly  into  the  ear 
of  com,  at  its  period  of  Alling  out,  or  into  the  growing 
pods  of  beans  and  peas,  or  into  the  rapidly  fonning  acom 
or  the  chestnut,  contaiiis  great  stores  of  f ood,  suited  to  sus- 
tain  plant  or  animal  lif  e. 


EXPERIMENT   XXI 

Rise  of  Water  in  Sterns.  —  Cut  some  short  branches  from  an 
apple  tree  or  a  cherry  tree  and  stand  the  lower  end  of  each 
in  red  ink;  try  the  same  experiment  with  twigs  of  oak,  ash, 
or    other    porous    wood,    and    after    some    hours*    ezamine    with 

the   magnifying    glass    and   vrith   the 

microscope,  using  the  2-inch  objective, 

successive  cross-sections  of  one  or  more 

twigs  of  each  kind.     Note  ezactly  the 

portions  through   which  the  ink   has 

traveled.     Pull  off  the  leaves  from  one 

of  the  stems  after  standing  in  the  eosin 

Solution,  and  notice  the  spots  on  the 

leaf-scar  through  which  the  eosin  has 

traveled.     These  spots  show  the  posi- 

tions  of  the  leaf-iraces^  or  fibro-vascular 

I   bundles,  connecting  the  stem  and  the 

\   leaf .    Repeat  with  several  potatoes,  cut 

Y  j    croBswise  through  the   middle.      Try 

ir-        also    some    monocotyledonous    stems, 

such  as  those  of  the  Uly  or  asparagus. 

For  the  sake  of  comparison  between 

Pio.  76.  — ACutting  girdled  and  ^  5     ^  x       x  •      x 

sending  down  Koots  from  the    ^^^  ^nd  stems,  treat  any  convenient 

Upper  Edge  of  the  Girdied  Ring,     root,  such  as  a  parsnip,  in  the  same  way. 


^  If  the  twigs  are  leafy  and  the  room  is  warm,  only  from  5  to  30  minutes 
may  be  necessary. 
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Examine  longitudinal  sections  o^  ««ome  of  the  twigs,  tbe  potatoes, 
and  the  roots.  In  drawing  conclusions  ab^ut  the  Channels  through 
which  the  ink  has  risen  (those  through  which  the  newly  absorbed 
8oil-water  most  readily  trav- 
els),  bear  in  mind  the  fact 
that  a  slow  soakage  of  the 
red  ink  will  take  place  in 
all  directions,  and  therefore 
pay  attention  only  to  the 
strongly  colored  spots  or 
lines. 

What  conclusions  can  be 
drawn  from  this  experiment 
as  to  the  course  followed  by 
the  sap? 

From  the  familiär 
facta  that  ordinary  for- 
est trees  apparently 
flourish  as  well  after  the 
almost  complete  decay 
and  removal  of  their 
heartwood,  and  that 
many  kinds  will  live 
and  grow  for  a  consider- 

1  I      , .  -.  .  -     Fio.  77.  —  Cb&nnel8   for   the   Movement   o£ 

able  time  after  a  nng  of  ^ater,  upward  and  downward. 

bark  extending  all  round     The  heary  black  llne»  in  roots,  Btema,  and 
f  K       4-  U    K         Kä  leave«  show  the  couree  of  the  flbro-vaacular 

tne    trunk    nas    been    re-        bundles  through  which  the  pHnclpal  move- 

moved,  it  may  readily  be      "®°^  ^'  ^*^*^  ^*^®  p**^«- 
inferred  that  the  cnide  sap  in  trees  must  rise  through  some 
portion  of  the  newer  layers  of  the  wood.     A  tree  girdled 
by  the  removal  of  a  ring  of  sapwood  proraptly  dies. 

118.    Downward  Movement  of  Liquids.  —  Most  dicoty- 
ledonous  stems,  when  stripped  of  a  ring  of  bark  and  then 
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stood  in  water,  as  shown  in  Fig. 
bell-jar,  develop  roots  only  at  or 


76,  and  covered  with  a 
near  the  upper  edge  o£ 
the  stripped  portion,^ 
and  this  would  seem  to 
prove  that  such  stems 
send  their  building  ma- 
terial  —  the  elaborated 
sap  —  largely  at  any  rate 
down  through  the  bark. 
Its  course  is  undoubt- 
edly  for  the  most  part 
through  the  sieve-cells 
(Figs.  63, 64),  which  are 
admirably  adapted  to 
convey  liquids.  In  ad- 
dition  to  these  general 
upward  and  downward 
movements  of  sap,  there 
must  be  local  transfers 


Pio.  78.  ~  Diagrammatlo  CroBS-Section  of  a 
Bandle  from  Sugar-Cane,  Bhowing  ChanneU 
for  Air  and  Water.    (Magnlfled.) 

Air  trayels  downward  through  the  two  large 
duct«  d  (and  the  two  Bmaller  ones  hetween 
them).  Water  travelB  upward  through  the 
ductB  and  through  the  wood-eells  in  the 
region  marked  ir.  Water  with  ditsolyed 
plant-food  trayelB  downward  through  the 
sieve-oellt  in  the  region  marked  ». 

laterally  through  the  stem,  and 
these  are  at  times  of  much  im- 
portance  to  the  plant. 

Since  the  liquid  building  mate- 
rial   travels    straight  down    the 

.,     ,       .,        ^    xi-         2.  Pio.T».— UnequalGrowthof Ring» 

stem,    that    Slde    OI    the    stem    On      of  Wood  \n  nearly  Horizontal 
which    the    manufacture    of    such      Stemof  ajuniper.  (Natural  iUe.) 

material  is  going  on  most  rapidly  should  grow  fastest. 

1  This  may  be  made  the  sabject  of  a  protracted  class-room  experiment. 
Strong  shoots  of  willow  shoold  be  nsed  for  the  porpose. 
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Plantrfood  is  made  out  of  the  raw  materials  by  the  leaves, 
and  so  the  more  leafy  side  of  a  tree  f  orms  thicker  rings 
than  the  less  leafy  side,  as  shown  in  Fig.  79. 

119.  Rate  of  Movement  of  Water  in  the  Stern.  —  There 
are  many  practical  difficulties  in  the  way  of  aacertaining 
exactly  how  fast  the  watery  sap  travels  from  the  root  to 
the  leaves.  It  is,  however,  easy  to  illustrate  experimen- 
tally  the  fact  that  it  does  rise,  and  to  give  an  approximate 
idea  of  the  time  required  for  its  ascent.  The  best  experi- 
ment  for  beginners  is  one  which  deals  with  an  entire 
plant  under  natural  conditions. 

EXPERIMENT  XXII 

Wiltiiig  and  Reoorery.  —  AUow  a  fuchsia  or  a  hydrangea  ^  which 
is  growing  in  a  flower-pot  to  wilt  considerably  for  lack  of  watering. 
Then  water  it  freely  and  record  the  time  required  for  the  leaves  to 
begin  to  recover  their  natural  appearance  and  position,  and  the 
time  fully  to  recover. 

The  former  interval  of  time  will  give  a  very  rough  idea 
of  the  time  of  transfer  of  water  through  the  roots  and  the 
stem  of  the  plant.  From  this,  by  measuring  the  approxi- 
mate distanee  traveled,  a  calculation  could  be  made  of  the 
number  of  inches  per  minute  that  water  travels  in  this 
particular  kind  of  plant,  through  a  route  which  is  partly 
roots,  partly  stem,  and  partly  petiole.  Still  another 
method  is  to  treat  leafy  stems  as  thß  student  in  Exp.  XXI 
treated  the  twigs  which  he  was  examining,  and  note  care- 
fully  the  rate  of  ascent  of  the  coloring  liquid.  This  plan 
is  likely  to  give  results  that  are  too  low,  still  it  is  of  some 
use.     It  has  given  results  varying  from  34  inches  per 

1  Hydrangea  ?iortenna. 
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hour  for  the  willow  to  880  inches  per  hour  for  the  sun- 
flower.  A  better  method  is  to  introduce  the  roots  of  the 
plant  which  is  being  experimented  upon  into  a  weak 
Solution  of  some  chemical  substance  which  is  harmless  to 
the  plant  and  which  can  readily  be  detected  anywhere  in 
the  tissues  of  the  plant  by  chemical  tests.  Proper  tests 
are  then  applied  to  portions  of  the  stem  which  are  cut 
from  the  plant  at  short  intervals  of  time. 

Compounds  of  the  metal  lithium  are  well  adapted  for 
use  in  this  mode  of  experimentation. 

120.  Causes  of  Movements  of  Water  in  the  Stem.  —  Some 
of  the  phenomena  of  osmosis  were  explained  in  Sect.  62, 
and  the  work  of  the  root-hairs  was  described  as  due  to 
osmotic  action. 

Root-pressure  (Sect.  66),  being  apparently  able  to  sus- 
tain  a  column  of  water  only  80  or  90  feet  high  at  the 
most,  and  usually  less  than  half  this  amount,  would  be 
quite  insufficient  to  raise  the  sap  to  the  tops  of  the  tallest 
trees,  since  many  kinds  grow  to  a  height  of  more  than  100 
feet.  Our  Californian  "big  trees,"  or  Sequoias,  reach 
the  height  of  over  300  feet,  and  an  Australian  species  of 
Eucalyptus,  it  is  said,  sometimes  towers  up  to  470  feet. 
Root-pressure,  then,  may  serve  to  start  the  soil-water  on 
its  upward  joumey,  but  some  other  force  or  forces  must 
Step  in  to  carry  it  the  rest  of  the  way.  What  these  other 
forces  are  is  still  a  matter  of  discussion  among  botanists. 

The  slower  inward  and  downward  movement  of  the  sap 
may  be  explained  as  due  to  osmosis.  For  instance,  in  the 
case  of  growing  wood-cells,  sugary  sap  from  the  leaves 
gives  up  part  of  its  sugar  to  form  the  cellulose  of  which 
the  wood-cells  are  being  made. 
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This  loss  of  sugar  would  cause  a  flow  of  rather  watery 
sap  to  take  place  more  rapidly  than  usual  from  the  grow- 
ing  wood  to  the  leaves,  while  at  the  same  time  a  slow 
transfer  of  the  dissolved  sugar  will  be  set  up  from  leaves 
to  wood.  The  water,  as  fast  as  it  reaches  the  leaves,  will 
be  thrown  o£E  in  the  form  of  vapor,  so  that  they  will 
not  become  distended  with  water,  while  the  sugar  will  be 
changed  into  cellulose  and  built  into  new  wood-cells  as  faßt 
as  it  reaches  the  region  where  such  cells  are  being  formed. 

Planta  in  general  ^  readily  change  starch  to  sugar,  and 
sugar  to  starch.  When  they  are  depositing  starch  in  any 
part  of  the  root  or  stem  for  future  use,  the  withdrawal  of 
sugar  from  those  portions  of  the  sap  which  contain  it 
most  abundantly  gives  rise  to  a  slow  movement  of  dis- 
solved particles  of  sugar  in  the  direction  of  the  region 
where  starch  is  being  laid  up. 

121.  Storage  of  Food  in  the  Stem. — The  reason  why  the 
plant  may  profit  by  lajdng  up  a  food  supply  somewhere 
inside  its  tissues  has  already  been  suggested  (Sect.  91). 

The  most  remarkable  instance  of  storage  of  food  in  the 
stem  is  probably  that  of  sago-palms,  which  contain  an 
enormous  amount,  sometimes  as  much  as  800  pounds,  of 
starchy  material  in  a  single  trunk.  But  the  commoner 
plants  of  temperate  regions  fumish  plenty  of  examples  of 
deposits  of  food  in  the  stem.  As  in  the  case  of  seeds  and 
roots,  starch  constitutes  one  of  the  most  imporüint  kinds 
of  this  resei-ve  material  of  the  stem,  and  since  it  is  easier 
to  detect  than  any  other  food  material  which  the  plant 
Stores,  the  Student  will  do  well  to  spend  time  in  looking 
for  starch  only. 

1  Not  indading  most  of  the  flowerless  and  very  low  and  simple  kinds. 


114  FOUNDATIONS  OF  BOTANY 

Cut  thin  cross-sections  of  twigs  of  goine  common  deciduous  tree 
or  shrub,  in  its  early  winter  condition,  moisten  with  iodine  Solution, 
and  examine  for  starch  with  a  moderately  high  power  of  the  micro- 
scope.  Sketch  the  section  with  a  pencil,  coloring  the  starchy  por- 
tions  with  blue  ink,  used  with  a  mapping  pen,  and  describe  exacüy 
in  what  portions  the  starch  is  deposited. 

122.  Storage  in  Underground  Sterns.  —  The  branches 
and  tnmk  of  a  tree  fumish  the  most  convenient  place 
in  which  to  deposit  food  during  winter  to  begin  the 
growth  of  the  foUowing  spring.  But  in  those  plants 
which  die  down  to  the  ground  at  the  beginning  of  winter 
the  storage  must  be  either  in  the  roots,  as  has  been 
described  in  Sect.  58,  or  in  Underground  portions  of 
the  Stern. 

Rootstocks,  tubers,  and  bulbs  seem  to  have  been  de- 
veloped  by  plants  to  answer  as  storehouses  through  the 
winter  (or  in  some  countries  through  the  dry  season)  for 
the  reserve  materials  which  the  plant  has  accumulated 
during  the  growing  season.  The  commonest  tuber  is  the 
potato,  and  this  fact  and  the  points  of  interest  which  it 
represents  make  it  especially  desirable  to  use  for  a  study 
of  the  Underground  stem  in  a  form  most  highly  specialized 
for  the  storage  of  starch  and  other  valuable  products. 

123.  A  Typical  Tuber :  the  Potato.  —  Sketch  the  general  outline 
of  a  potato,  showing  the  attachment  to  the  stem  from  which  it  grew.^ 

Note  the  distribution  of  the  "eyes,"  —  are  they  opposite  or  alter- 
nate  ?  Examine  them  closely  with  the  magnifying  glass  and  then  with 
the  lowest  power  of  the  microscope.     What  do  they  appear  to  be  ? 

If  the  potato  is  a  stem,  it  may  branch,  —  look  over  a  lot  of  pota- 
toes  to  try  to  find  a  branching  specimen.  If  such  a  one  is  secured, 
sketch  it. 

^  Examination  of  a  lot  of  potatoes  wiU  nsoally  discover  specimens  with  an 
inch  or  more  of  attached  RtAm. 
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Note  the  little  Bcale  overhanging  the  edge  of  the  eye,  and  see  if 
you  can  ascertain  wbat  this  scale  represents. 

Cnt  the  potato  across,  and  notice  the  faint  broken  line  which 
forma  a  sort  of  oval  figure  some  distance  inside  the  skin. 

Place  the  cut  surface  in  eosin  Solution,  allow  the  potato  to  stand 
so  for  many  hours,  and  then  examine,  by  slicing  off  pieces  parallel 
to  the  cut  surface,  to  see  how  f ar  and  into  what  portions  the  Solution 
has  penetrated.  Refer  to  the  notes  on  the  study  of  the  parsnip 
(Sect.  56),  and  see  how  far  the  behavior  of  the  potato  treated  with 
eosin  Solution  agrees  with  that  of  the  parsnip  so  treated. 

Cut  a  thin  section  at  right  angles  to  the  skin,  and  examine  with  a 
high  power.  Moisten  the  section  with  iodine  Solution  and  examine 
again. 

If  possible,  secure  a  potato  which  has  been  sprouting  in  a  warm 
place  for  a  month  or  more  (the  longer  the  better),  and  look  near 
the  origins  of  the  sprouts  for  evidences  of  the  loss  of  material  f rom 
the  tuber. 

EXPERIMENT   XXIII 

Use  of  the  Corky  Layer.  —  Carefully  weigh  a  potato,  then  pare 
another  larger  one,  and  cut  portions  from  it  until  its  weight  is  made 
approximately  equal  to  that  of  the  first  one.  Expose  both  freely  to 
the  air  for  some  days  and  reweigh.  What  does  the  result  show  in 
regard  to  the  use  of  the  corky  layer  of  the  skin? 

124.  Morphology  of  the  Potato.  —  It  is  evident  that  in 
the  potato  we  have  to  do  with  a  very  greatly  modified 
form  of  stem.  The  corky  layer  of  the  bark  is  well  repre- 
sented,  and  the  loose  cellular  layer  beneath  is  very  greatly 
developed ;  wood  is  almost  lacking,  being  present  only  in 
the  very  narrow  ring  which  was  stained  by  the  red  ink, 
but  the  pith  is  greatly  developed  and  constitutes  the  prin- 
cipal  bulk  of  the  tuber.  All  this  is  readily  understood  if 
we  consider  that  the  tuber,  buried  in  and  supported  by 
the  earth,  does  not  need  the  kinda  of  tisaue  which  give 
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strength,  but  only  those  which  are  well  adapted  to  störe 
the  requisite  amount  of  food. 

125.  Strnctiire  of  a  Bulb ;  the  Onion.  —  Examine  the  extemal 
appearance  of  the  onion  and  obserre  the  thin  membranaceous  ekln 
which  coyera  it.  This  skin  consists  of  the  broad  sheathing  bases  of 
the  outer  leaves  which  grew  on  the  onion  plant  doring  the  summer. 
Remove  these  and  notioe  the  thick  scales  (also  formed  from  bases 
of  leayes  as  shown  in  Fig.  48)  which  make  up  the  substance  of  the 
bulb. 

Make  a  transverse  section  of  the  onion  at  about  the  middle  and 
sketch  the  ring^  of  which  it  is  composed.  Cut  a  thin  section  from 
the  interior  of  the  bulb,  examine  with  a  moderate  power  of  the 
microscope,  and  note  the  thin-walled  cells  of  which  it  is  composed. 

Split  another  onion  from  top  to  bottom  and  try  to  find : 

(a)  The  plcUe  or  broad  flattened  stem  inside  at  the  base  (Fig.  47). 

(6)  The  central  bud. 

(c)  The  bulb-scales. 

(d)  In  some  onions  (particularly  large,  irregulär  ones)  the  bulblets 
or  aide  buds  arising  in  the  axes  of  the  scales  near  the  base. 

Test  the  cut  surface  for  starch. 

126.  Sugar  in  the  Onion. —  Orape  sugar  is  an  important 
substance  ainong  those  stored  for  food  by  the  plant.  It 
received  its  name  from  tlie  fact  that  it  was  formerly 
obtained  for  chemical  examination  from  gp:^pes.  Old 
dry  raisins  usually  show  little  masses  of  whitish  material 
scattered  over  the  skin  which  are  nearly  pure  grape  sugar. 
Commercially  it  is  now  manufactured  on  an  enormous 
Scale  from  starch  by  boiling  with  diluted  sulphuric  acid. 
In  the  plant  it  is  made  from  starch  by  processes  as  yet 
imperfectly  understood,  and  another  sugar,  called  maltose^ 
is  made  from  starch  in  the  seed  during  germination. 

Both  grape  sugar  and  maitose  (and  hardly  any  other 
subetances)  have   the   power  of  producing  a  yellow  or 
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orange  color  and  throwing  down  an  orange  or  reddish 
deposit,  when  they  are  added  to  a  brilliant  blue  alkaline 
Solution  of  copper,  known  as  Fehling*s  Solution}  The 
color  or  deposit  will  not  appear  until  the  Solution  has 
been  heated.  to  boiling. 

EXPERIMENT  XXIV 

Testing  for  Grape  Sngar.  —  Ileat  to  boiling  in  a  test-tube  or  a 
gm  all  beaker  some  weak  syrup  of  grape  sugar  or  some  honey,  much 
diluted  with  water.  Add  Fehling's  Solution,  a  few  drops  at  a  time, 
until  a  decided  orange  color  appears.  Repeat  the  test  with  the 
water  in  wbich  some  slices  of  onion  have  been  boiled,  filtering  the 
water  through  a  paper  filter  and  heating  again  to  boiling  before 
adding  the  test  Solution.* 

127.  Proteids  in  the  Onion.  —  Since  the  onion  grows 
so  rapidly  on  being  planted  in  the  spring,  there  must  be 
a  large  supply  of  food  in  the  bulb ;  there  may  be  other 
substances  present  besides  sugar. 

EXPERIMENT  XXV 

Testing  an  Onion  for  Other  Stored  Food.  —  Test  a  rather  thick 
slice  of  onion  by  heating  it  in  a  porcelain  evaporating  dish  with  a 
little  strong  nitric  acid  until  the  latter  begins  to  boil  and  the  onion 
becomes  somewhat  sof  tened.*  Rinse  off  the  slice  of  onion  in  a  stream 
of  water,  then  pour  on  it  a  few  drops  of  ammonium  hydrate  and 
obaerve  any  change  of  color.     What  is  proved  ?    See  Sect.  29. 

128.  Tabular  Review  of  Experiments. 
[Continue  the  table  from  Sect.  74.] 

1  For  the  preparatioD  of  the  Solution  see  Handbook. 

*  Hie  depoeit  will  in  this  case,  even  if  orange  at  firsl,  finally  become  black, 
probably  owing  to  the  presence  of  solphur  in  the  onion. 

*  Do  not  allow  the  acid  to  tonch  the  clothing,  the  hands,  or  any  metallic 
object. 


118  FOÜNDATIONS  OF  BOTAIJY 

129.   Review  Snmmary  of  Work  of  Stern. 


Channels  f or  upward  movement 
of  water 


^  in  young  dicotyledonous  stems 
in  dicotyledonous   stems  seyeral 

years  old 

in  monocotyledonous  stems     .     . 


Channels  f or  downward  move-   C  in  dicotyledonous  stems 
ment  of  water  \  in  monocotyledonous  stems 


Channels  for  transverse  movements      .... 
Rate  of  upward  movement 

r  where  stored 
Storage  of  plant-food  X  kinds  stored 

l^uses     .     .     . 


CHAPTER   VIII 
BUDS 

130.  Structure  of  Buds.  —  While  studying  twigs  in  their 
winter  condition,  as  directed  in  Sects.  77,  78,  the  Student 
had  occasion  to  notice  the  presence,  position,  and  arrange- 
ment  of  buds  on  the  brauch,  but  he  was  not  called  upon 
to  look  into  the  details  of  their  structure.  The  most  natu- 
ral time  to  do  this  is  just  before  the  Btudy  of  the  leaf  is 
begun,  since  leafy  stems  spring  from  buds,  and  the  rudi- 
ments  of  leaves  in  some  form  must  be  found  in  buds. 

131.  Tlie  HorsejChestnut  Bud.  —  Examine  one  of  the  lateral  buds 
on  a  twig  in  its  winter  or  early  spring  condition.^ 

Make  a  sketch  of  the  external  appearance  of  the  buds  as  seeri  with 
a  magnifying  glass.  i 

How  do  the  scales  with  which  it  is  | 

covered    lie    with    reference    to    those 
beneath  them? 

Notice  the  sticky  coating  on  the  scales. 

"  HAG 

Are  the  scales  opposite  or  altemate  ? 

Remove  the  scales  in  pairs,  placing 
them  in  order  on  a  sheet  of  paper,  thus  : 

Make  the  distance  from  1  to  1  as  much 
as  6  or  8  inches. 

How  many  pairs  are  found  ? 

Observe  as  the  scales  are  removed  whether  the  sticky  coating  is 

i  The  best  possible  time  for  this  ezamination  is  just  as  the  buds  are  begin- 
ning  to  swell  slightly  in  the  spring.  The  bud  of  buckeye  or  of  cottonwood 
will  do  for  this  examination,  thoagh  each  is  on  a  good  deal  smaller  scale  than 
the  hoTse-cheetnnt  bud.  Buds  may  be  forced  to  open  early  by  placing  twigs 
in  water  in  a  very  warm,  light  place  for  many  weeks. 
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thicker  on  the  ontside  or  the  inside  of  each  scale,  and  whether  it 
is  equally  abundant  on  all  the  successive  pairs. 
What  b  the  probable  use  of  this  coating? 

Note  the  delicate  veining  of  some  of  the  scales  as  seen  through 

the  magnifying  glass.     What  does 
this  mean? 

Inside  the  innermost  pair  are 
found  two  forked  woolly  objects; 
what  are  these  ? 

Compare  with  Figs.  87  and  107. 
Their  shape  could  be  more  readily 
observed  if  the  woolly  coating  were 
removed. 

Can  you  suggest  a  use  for  the 
woolly  coating? 

Examine  a  terminal  bud  in  the 
same  way  in  which  you  have  just 
studied  the  lateral  bud. 

Does  it  contain  any  parts  not 
found  in  the  other? 

What  is  the  appearance  of  theae 
parts? 

What  do  they  represent? 

If  there  is  any  doubt  about  their 

nature,   study   them   further  on   a 

pv^i  tw  --_^  horse-chestnut  tree  during  and  im- 

^Cff^^  mediately  after  the  process  of  leaf- 

ing  out  in  the  spring. 

For  comparison  study  at  least  one 
of  the  following  kinds  of  buds  in 
their  winter  or  early  spring  condi- 
tion  :  hickory,  butternut,  beech,  ash,  magnolia  (or  tulip  tree),  lilac, 
balni  of  Gilead,  cottonwood,  cultivat^d  cherry.* 


Fio.  80.  —  Diflsected  Bad  of  Bnckeye 
(jEscuIus  macroslachya)^  showing 
TranBitioDB  from  Bad-^oales  to 
Leaves. 


1  Consult  the  accouDt  of  the  mode  of  studying  buds  in  Professor  W.  F. 
GkinoDg's  Teaching  Botanist,  pp.  20^210.  If  some  of  the  bnds  are  studied  at 
home,  pnpils  will  have  a  better  Chance  to  examine  at  leisure  the  onfolding 
process. 
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132.  Nature  of  Bud-Scales.  —  The 
fact  that  the  bud-seales  are  in  certain 
cases  mei-ely  iraperfectly  developed 
leaves  or  leaf-stalks  is  often  clearly 
manifest  from  the  series  of  steps  coiv 
necting  the  bud-scale  on  the  one  hand 
with  the  young  leaf  on  the  other,  which 
may  be  found  in  many  opening  buds, 
as  illustrated  by  Fig.  80.  In  other 
buds  the  scales  are  not  imperf  ect  leaves, 
but  the  little  appendages  (stipules^  Figs. 
98,  99)  which  occur  at  the  bases  of 
leaves.  This  kind  of  bud-scale  is 
especially  well  shown  in  the  magnolia  ^\  ,i,|1 
and  the  tulip  tree. 

133.  Naked  Buds.  —  All  of  the  buds 
above  mentioned  are  winter  buds^  capa- 
ble  of  living  through  the  colder  months 
of  the  year,  and  are  scaly  buds. 

In  the  herbs  of  temperate  climates, 
and  even  in  shrubs  and  trees  of  tropical 
regions,  the  buds  are  often  naked,  that 
is,  nearly  or  quite  destitute  of  scaly 
coverings  (Fig.  81). 

Make  a  study  of  the  naked  buds  of  any 
convenient  herb,  such  as  one  of  the  common 
«<  geraniums  "  (Pelargonium),  and  record  what 
you  find  in  it. 

134.  Position  of  Buds.  —  The    dis- ^'°«/;-T*Pf  ^f^«*^ 

of  Atlanthus  in  Winter 

tinetion  between  lateral   and   terminal    condition,  showing 

-iji  1  iT_  njix  very  Large  Leaf-Scars 

buds  has  already  been  alluded  to.  and  neariy  Naked  Bud». 
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The  plumule  is  the  first  terminal  bud  which  the  plant 
produces.  Lateral  buds  are  usually  axillary^  as  shown  in 
Fig.  82,  that  is,  they  grow  in  the  angle  forraed  by  the 
leaf  with  the  stem  (Latin  axilloy  armpit).  But  not  infre- 
quently  there  are  sevei-al  buds  grouped  in  some  way  about 


Fio.  82.  —  Alternate  Leavea  of  CnltiTSted  Cberry,  with  Buds  in 
"       their  Axils,  in  October. 

a  Single  leaf-axil,  either  one  above  the  other,  as  in  the 
butternüt  (Fig.  84),  or  grouped  side  by  side,  as  in  the  red 
maple,  the  cherry,  and  the  box-elder  (Fig.  83). 

In  these  cases  all  the  buds  except  the  axillary  one  are 
called  accessory  or  supernumerary  buds. 

135.  Leaf-Buds  and  Flower-Buds ;  the  Bud  an  Undevel- 
oped  Brauch.  —  Such    buds   as   the    student   has   so   far 
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examined  for  himself  are  not  large  enough  to  show  in  the 
most  obvious  way  the  relation  of  the  parts  and  their  real 
nature. 

Fortunately,  it  is  easy  to  obtain  a  gigantic  terminal  bud 
which  illußtrates  perfectly  the  structure  and  arrangement 
of  the  parts  of  buds  in 
general. 

Examine  and  sketch  a  rather 
small,  firm  cabbage,  preferably 
a  red  one,  which  has  been  split 
lengthwise  through  the  center  ^ 
and  note 

(a)  The  short,  thick,  couical 
stem. 

(6)  The  crowded  leaves 
^hich  arise  from  the  stem,  the 
lower  and  outer  ones  largest 
and  most  mature,  the  upper 
and  innermost  ones  the  small- 
est  of  the  series. 

(c)  The  axillary  buds,  found 
in  the  angles  made  by  some 
leaves  with  the  stem. 

Compare  the  section  of  the  cabbage  with  Fig.  86 


Pio.  83.  —  Accessory  Bud»  of  Box-£1der 
(Neffundo).   (Magnifled.) 

At  front  vleur  of  gronp. 

B,  two  groupg  Seen  in  proflle. 


Most  of  the  buds  so  far  considered  were  leaf-buds^  that 
is,  the  parts  inside  of  the  scales  would  develop  into  leaves, 
and  their  central  axes  into  stems  ;  but  some  were  mixed 
buds,  that  is,  they  contained  both  leaves  and  flowers  in  an 
undeveloped  condition. 

Flower-budB  contain  the  rudin^ents  of  flowers  only. 

Sometimes,  as  in  the  black  walnut  and  the  butternut, 
the  leaf-buds  and  flower-buds  are  readily  distinguishable 

1  Half  of  a  cabbage  will  be  enongh  for  the  eDtire  division. 
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by  their  difference  in  form,  while  in  other  cases,  as  in  the 
cultivated  cheiry,  the  diflEerence  in  form  is  but  slight. 
The  rings  of  scars  about  the  twig,  shown  in  Figs.  82 
and  85,  mark  the  place  where  the  bases 
of  bud-scales  were  attached.  A  little 
examination  of  the  part  of  the  twig 
which  lies  outside  of  this  ring,  as  shown 
in  Fig.  82,  will  lead  one  to  the  conclu- 
sion  that  this  portion  has  all  grown  in 
the  one  spring  and  summer  since  the 
bud-scales  of  that  particular  ring  dropped 
oflE.  FoUowing  out  this  Suggestion,  it  is 
easy  to  reckon  the  age  of  any  moder- 
ately  old  portion  of  a  branch,  since  it  is 
equal  to  the  number  of  Segments  between 
the  rings.  In  rapidly  growing  shoots  of 
willow,  poplar,  and  similar  trees,  5  or  10 
feet  of  the  length  may  be  the  growth  of 
a  Single  year,  while  in  the  lateral  twigs 
of  the  hickory,  apple,  or  cherry  the  yeariy 
increase  may  be  but  a  fraction  of  an  inch. 
Such  fruitiiig  "  spurs "  as  are  shown  in 
Fig.  85  are  of  little  use  in  the  permanent 
growth  of  the  tree,  and  poplars,  elms, 
soft  maples  and  other  trees  shed  the 
oldest  of  these  every  year.  Whatever 
the  amount  of  this  growth,  it  is  but  the 
lengthening  out  and  development  of  the 
bud,  wliich  may  be  regaixied  as  an  undeveloped  stem  or 
branch,  with  its  intemodes  so  shortened  that  successive 
leaves  seem  almost  to  spring  from  the  same  point. 


PlO.  84.  —  Acoewory 
Bads  of  Butternut. 
(Beduced.) 

If  leaf-scar  ;  or,  axll- 
lary  bud ;  a,  a\  ao- 
cessory  buds;  t, 
terminal  bud. 
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136.  Vemation.  —  Procure  a  considerable  number  of  buds  which 
are  just  about  to  burst,  and  others  which  have  begiin  to  open.  Cut 
each  across  with  a  razor  or  very  sharp  scalpel ;  examine  first  with 
the  magnifying  glass,  and  then  with  the  lowest  power  of  the  micro- 
scope.  Pick  to  piecea  other  buds  of  the  same 
kinds  under  the  magnifying  glass,  and  report 
upon  the  manner  in  which  the  leaves  are 
packed  away. 

The  arrangement  of  leaves  in  the 

bud  is  called  vemation;  some  of  the 

principal  modes  are  shown  in  Fig.  86. 

sc 


ax. 


TiQ.  86.  —A  slowly  grown  Twig 
of  Cherry,  3  inches  long  and 
about  ten  years  old. 

Tbe  pbinted  bad  I  is  a  leaf-bud ; 
the  niore  obtus«  accessory 
budfl  /,  /  are  flower-buds. 


B 


PlO.86. 


B,  a  twig  of  European  elm ;  A,  a  longltudi- 
nal  section  of  tbe  buds  of  B  (conslderably 
raagnifled) ;  ox,  tbe  axis  of  the  bud,  which 
will  elongate  into  a  shoot ;  «c,  leaf-scara. 


In  the  cherry  the  two  halves  of  the  leaf  are  folded 
together  flat,  with  the  under  surfaces  outward ;  in  the 
walnut  the  separate  leaßets^  or  parts  of  the  leaf,  are  folded 
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flat  and  then  grouped  into  a  sort  of  cone  ;  in  the  snow- 
ball  each  half  of  the  leaf  is  plaited  in  a  somewhat  fan-like 
manner,  and  the  edges  of  the  two  halves  are  then  brought 
round  so  as  to  meet;  in  the  ladj's  mantle  the  fan-like 
plaiting  is  very  distinct ;  in  the  wood  sorrel  each  leaflet 


Fio.  87, 1.  — Type«  of  Vernation. 
1,  2,  Cherry  ;  3,  4,  European  walnut ;  5,  6,  snowball ;  7,  lady's  mantle  ;  8,  oxali». 

is  folded  smoothly,  and  then  the  three  leaflets  packed 
closely  side  by  side.  All  these  modes  of  vernation  and 
many  others  have  received  accurate  descriptive  names  by 
which  they  are  known  to  botanists. 

137.    Importance  of  Vernation.  — The  significance  of  ver- 
nation is  best  understood  by  considering  that  there  are  two 
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important  purposes  to  be  served ;  the  leaves  must  be 
stowed  as  closely  as  possible  in  the  bud,  and  upon  begin- 
ning  to  open  they  must  be  protected  from  too  great  heat 
and  dryness  until  they  have  reached  a  certain  degree  of 
firmness.  It  may  be  inferred  from  Fig.  87,  I,  that  it  is 
common  for  very  young  leaves  to  stand  vertically.  This 
protects  them  considerably  from  the  scorching  effect  of  the 
sun  at  the  hottest  part  of  the  day.  Many  young  leaves, 
as,  for  instance,  those  of  the  silver-leafed  poplar,  the  pear, 
the  beeeh,  and  the  mountain  ash,  are  sheltered  and  pro- 


B  C  D 

Fio.  87,  II.  —  DeTelopment  of  an  Oxalis  Leaf. 

A,  fall^rown  leaf ;  J?,  rmlimentary  leaf,  the  leaflets  not  yet  evident ;  C,  more 
advanced  stage,  the  leaflets  appearing ;  X>,  a  stiU  more  advanoed  stage ; 
B,  r,  and  />,  oonBiderably  magnifled. 

tected  from  the  attacks  of  small  insects  by  a  coating  of 
wool  or  down,  which  they  afterwards  lose.  Those  of  the 
tulip  tree  are  enclosed  for  a  little  time  in  thin  pouches, 
which  serve  as  bud-scales,  and  thus  entirely  shielded  from 
direct  contact  with  the  outside  air  (see  Sect.  117). 

138.  Dormant  Buds.  —  Generally  some  of  the  buds  on  a 
brauch  remain  undeveloped  in  the  spring,  when  the  other 
buds  are  beginning  to  grow,  and  this  inactive  condition 
may  last  for  many  seasons.  Finally  the  bud  may  die,  or 
some  injury  to  the  tree  may  destroy  so  many  other  buds 
as  to  leave  the  dormant  ones  an  extra  supply  of  food,  and 
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this,  with  other  causes,  may  force  them  to  develop  and  to 
grow  into  branches. 

Sometimes  the  tree  altogether  falls  to  produce  buds  at 
places  where  they  would  regularly  occur.  In  the  lilac  the 
terminal  bud  usually  falls  to  appear,  and  the  result  is  con- 
stant  forking  of  the  branches. 

139.  Adventitious  Buds.  —  Buds  which  occur  in  irregu- 
lär places,  that  is,  not  terminal  nor  in  or  near  the  axils  of 
leaves,  are  called  adventitious  buds  ;  they  may  spring  from 
the  röots,  as  in  the  silver-leafed  poplar,  or  from  the  sides 
of  the  trunk,  as  in  our  American  elm.  In  mauy  trees,  for 
instance  wlllows  and  maples,  they  are  sure  to  appear  after 
the  trees  have  been  cut  back.  Wlllows  are  thus  cut  back 
ox  pollardedy  as  shown  in  Plate  II,  in  order  to  cause  them 
to  produce  a  large  crop  of  slender  twlgs  suitable  for 
basket-making. 

Leaves  rarely  produce  buds,  but  a  few  klnds  do  so  when 
they  are  injured.  Those  of  the  bryophyllum,  a  plant  allied 
to  the  garden  live-for-ever,  when  they  are  removed  from 
the  plant  while  they  are  still  green  and  fresh,  almost  always 
send  out  buds  from  the  margin.  These  do  not  appear  at 
random  but  are  bome  at  the  notches  in  the  leaf-margin  and 
are  accompanied  almost  from  the  first  by  minute  roots. 

Pin  up  a  bryophyllum  leaf  on  the  wall  of  the  room  or 
lay  It  on  the  surface  of  moist  eaith,  and  foUow,  day  by  day, 
the  formatlon  and  development  of  the  buds  which  it  may 
produce. 

This  plant  seems  to  rely  largely  upon  leaf-budding  to 
reproduce  itself,  for  in  a  moderately  cool  cllmate  it  rarely 
flowers  or  seeds,  but  drops  its  liying  leaves  f reely,  and  from 
each  such  leaf  one  or  several  new  plants  may  be  produced. 


Plate  II.  —  Pollarded  Willows 
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Coverings 


Buds 


Contents 


leaf-buds 
flower-buda  , 
mixed  buds 


Classes  of  buds  as  re- 
gards  Position    .     . 


regulär 
irregulär 
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Make  a  sketch  of  Fig.  82  as  it  looked  in  June  of  the  same  Sum- 
mer ;   also  as  it  would  look  the  foUowing  June. 


CHAPTER   IX 
LEAVES 

141.   The  Elm  Leaf Sketch  the  leafy  twig  of  elm  that  is  sup- 

plied  to  you.^ 

Report  on  the  following  points : 

(a)  How  many  rows  of  leaves  ? 

(6)  How  much  overlapping  of  leaves  when  the  twig  is  held  with 
the  Upper  sides  of  the  leaves  toward  you  ?  Can  you  suggest  a  reason 
for  this  ?  Are  the  Spaces  between  the  edges  of  the  leaves  large  or 
sinall  compared  with  the  leaves  themselves  ? 

Pull  off  a  Single  leaf  and  make  a  very  caref  ul  iJ^etch  of  its  under 
surface,  about  natural  size.  Label  the  broad  expanded  part  the  blade^ 
and  the  stalk  by  which  it  is  attached  to  the  twig,  leafstalk  or  petiole. 

Study  the  outline  of  the  leaf  and  answer  these  questions : 

(a)  What  is  the  shape  of  the  leaf  taken  as  a  whole  ?  (See  Fig. 
88.)  Is  the  leaf  hUaterally  symmetrical,  i,e,,  is  there  a  middle  line 
running  through  it  lengthwise,  along  which  it  could  be  so  folded 
that  the  two  sides  would  precisely  coincide  ? 

(6)  What  is  the  shape  of  the  tip  of  the  leaf?     (See  Fig,  89.) 

(c)  Shape  of  the  base  of  the  leaf?     (See  Fig.  90.) 

(d)  Outline  of  the  margin  of  the  leaf?     (See  Fig.  93.) 

Xotice  that  the  leaf  is  traversed  lengthwise  by  a  strong  midrib 
and  that  many  so-called  veins  run  from  this  to  the  margin.     Are 

1  Any  elm  will  answer  the  parpose.  Young  strong  shoots  which  eztend 
horizontally  are  best,  since  in  these  leaves  are  most  f ully  developed  and  their 
distribution  along  the  twig  appears  most  clearly.  Other  good  kinds  of  leaves 
with  which  to  begin  the  study,  if  elm  leaves  are  not  available,  are  those  of 
beech,  oak,  willow,  peach,  cherry,  apple.  Most  of  the  Statements  and  direc> 
tions  above  given  would  apply  to  any  of  the  leaves  just  enumerated.  If  this 
chapter  is  reached  too  early  in  the  season  to  admit  of  snitable  material  being 
procnred  for  the  study  of  leaf  arrangement,  that  topic  may  be  oroitted  nntil 
the  leaves  of  forest  trees  have  sufficiently  matured. 
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FiQ.  88. —General  Outline  of  Leaves. 

a,  linear ;  6,  lanoe*late ;  c,  wedge-ahaped  ;  rf,  spatulate ;  e,  orate ;  /,  obovate  ; 
Qf  kidnejHihaped ;  A,  orbicular  ;  i,  elliptical. 


a,  aeiuninate  or  taper-polnted ;  ft,  acute  ;  c,  obtuse  ;  d,  truncate ;  f ,  retuse ;  /, 
emarginate  or  notohed ;  g  (end  leaflet),  obcordate  ;  A,  ouapidate.-'tbe  point 
pharp  aod  rigid ;  i ,  roucronate, — the  point  merely  a  Prolongation  of  the  midrib. 
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Fio.  90.  —  Sbape«  of  Base«  of  Leares. 


1,  heart-shaped  (noByinmetrioally) ;  2,  arrow- 
sbaped ;  3,  balberd-sbaped. 


Fio.  91. — Peltate  Leaf  of 
TropsDolom. 


Fio.  92. 

Af  runoinate  leaf  of  dandellon ;  B, 
lyrate  leaf. 


Fio.  93.  —  Sbape«  of  Maririn* 
of  Learea. 
a  (1),  flnely  serrate  ;  (2),  ooanely 
serrate;  (3),  doubly  serrat«. 
b  (1),  flnely  dentate ;  <2) ,  slnnate 
dentate;  (3),  donbly  dentote. 
c,  deeply  sinnate.  «f,  warj. 
e  (1),  orenate  or  soalloped ;  (3), 
doubly  orenate. 
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ihese  veiiiB  parallel?  Hold  the  leaf  up  towards  the  light  and  see 
how  the  main  veiiu  are  connected  by  smaller  neinlets.  Examine 
with  your  glass  the  leaf  as  held  to  the  light 
and  make  a  careful  sketch  of  portions  of 
one  or  two  veins  and  the  intersecting  vein- 
leta.  How  is  the  course  of  the  veins  shown 
.       on  the  Upper  surf ace  of  the  leaf  ? 

Examine  both  surfaces  of  the  leaf  with 
the  glass  and  look  for  haira  distributed  on 
the  surfaces.     Describe  the  manner  in  which 
j\    the  hairs  are  arranged. 


FIG.  94.— Netted  Veln- 
in^  (pinnate)  in  the 
Leaf  of  the  Foxglore. 


The  various  forms  of  leaves  are 
classed  and  described  by  botanists  with 
great  minuteness,^  not  simply  for  the 
study  of  leaves  themselves,  but  also 
because  in  classifying  and  describing 
plants  the  characteristic  forms  of  the 
leaves  of  many  kinds  of  plants  form 
a  very  simple 


and  ready 
means  of  distinguishing  them 
from  each  other  and  identifying 
them.  The  student  is  not  ex- 
pected  to  leam  the  names  of  the 
several  shapes  of  leaves  as  a 
whole  or  of  their  bases,  tips,  or 
margins,  except  in  those  cases 
in  which  he  needs  to  use  and 
apply  them. 

Many  of  the  words  used  to  describe  the  shapes  of  leaves 
are  equally  applicable  to  the  leaf-like  parts  of  flowers. 


Fio.  96. —Netted  Veinins;  (pal- 
mate)  in  Leaf  of  Melon. 


1  See  Kemer  and  Oliver's  Natural  History  of  Plants,  Vol.  I,  pp.  623-637. 
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142.   The  Maple  Leaf.  — Sketch  the  leafy  twig. 
Are  the  leaves  arranged  in  rows  like  those  of  the  elm  ?     How  are 
they  arranged  ? 

How  are  the  petioles  distorted  from  their  natural  positions  to 
bring  the  proper  surface  of  the  leaf  upward  toward  the  light? 

Do  the  edges  of  these  leaves  show  larger  Spaces  between  them 
than  the  elm  leaves  did,  i.e.,  would  a  spray  of  maple  intercept  the 
sunlight  more  or  less  perfectly  than  a  spray  of 
elm  ?    Pull  off  a  single  leaf  and  sketch  its  lower 
surface,  about  natural  size. 

Of  the  two  main   parts  whose  names  have 
already  been  learned  (blade  and  petiole),  which 
is  more  developed  in  the  maple   than  in   the 
elm  leaf? 
Describe : 

(a)  The  shape  of  the  maple  leaf  as  a  whole. 
To  settle  this,  place  the  leaf  on  paper,  mark  the 
positioDs  of  the  extreme  points  and  connect 
these  by  a  smooth  line. 

(b)  Its  outline  as  to  main  divisions :  of  what 
kind  aiid  how  many. 

(c)  The  detailed  outline  of  the  margin 
(Fig.  93). 

Compare  the  mode  of  veining  or  venation  of 

the    elm    and    the    maple    leaf    by   making    a 

diagram  of  each. 

These  leaves  agree  in  being  netted-veined ;  i.e.,  in  having  veinlets 

that  join  each  other  at  many  angles,  so  as  to  form  a  sort  of  delicate 

lace-work,  like  Figs.  94  and  95. 

They  differ,  however,  in  the  arrangement  of  the  principal  veina.  Such 

a  leaf  as  that  of  the  elm  is  said  to  be  feather-veined,  oxpinnately  veined. 

The  maple  leaf,  or  any  leaf  with  closely  similar  venation,  is  said  to 

be  palmately  veined.     Describe  the  difference  between  the  two  plana 

of  venation. 


Fio.  96.— Pinnately 
DiTided  Leaf  of 
Celandine. 

The  blade  of  the  leaf  is 
discontinuouB,  oon- 
sisting  of  several  por- 
tions  between  wbich 
are  Spaces  in  which 
one  pari  of  tbe  blade 
has  been  developed. 


143.  Relation  of  Venation  to  Shape  of  Leaves.  — As  soon 
as  the  Student  begins  to  observe  leaves  somewhat  widely. 
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he  can  hardly  fall  to  notice  that  there  is  a  general  relation 
between  the  plan  of  venation  and  the  shape  of  the  leaf . 
How  may  this  relation  be  stated?  In  most  cases  the 
principal  veins  follow  at  the  outset  a  pretty  straight 
conrse,  a  fact  for  which  the  Student  ought  to  be  able  to 
give  a  reason  after  he  has  performed  Exp.  XXXII. 

On  the  whole,  the  arrangement  of  the 
veins  seems  to  be 
such  as  to  stiff- 
en  the  leaf 
most  in  the 
parts  that  need 


Fio.  97.~Pa]xnately  Dirided 
Leaf  of  Bnttercup. 


iTla.  96.— Leaf  of  Ap- 
ple, with  Stipules. 


Pio.  99.  —  Leaf  of 
PaiiBy,withLeaf- 
Like  Stipules. 


most  Support,  and  to  reach  the  region  near  the  margin  by 
as  short  a  course  as  possible  from  the  end  of  the  petiole. 

144.  Stipules.  —  Although  they  are  absent  from  many 
leaves,  and  disappear  early  from  others,  stipules  form  a 
psrt  of  what  the  botanist  regards  as  an  ideal  or  model 
leaf.^     When  present  they  are  sometimes  found  as  little 

1  Unlees  the  elm  twigs  used  in  the  previous  study  were  cut  soon  after  the 
nnfoldinj^  of  the  leaves  in  spring,  t!ic  stipules  may  not  have  been  left  in  any 
recognizable  shape. 
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YeinedLeafofSol.' 
omon's  Seal. 


bristle-fihaped  objects  at  the  base  of  the  leaf,  as  in  the 

apple  leaf  (Fig.  98),  sometimes  as  leaf-like  bodies,  for 
example  in  the  pansj  (Fig.  99),  and  in 
many  other  forms,  one  of  which  is  that 
of  spinous  appendages,  as  shown  in  the 
common  locust  (Fig.  108). 

145.    ParaUel-Veined   Leaves The 

leayes  of  many  gieat  groups  of  plants, 
such  as  the  lilies,  the  sedges,  and  the 
grasses,  are  commonly  paralUl-veined, 
that  is,  with  the  veins  running  nearly 
parallel,  lengthwise  through  the  blade, 
as  shown  in  Fig.  100,  or 
with  parallel  veins  pro- 

ceeding  f  rom  a  midrib  and  thence  extend^ 

ing  to  the  margin,  as  shown  in  Fig.  101. 
146.   Occurrence  of  Netted  Veining  and 

of  Parallel  Veining.  —  The   Student  has 

already,  in  bis  experiments  on  germina- 

tion,  had  an  opportunity  to  observe  the 

difference  in  mode  of  veining  between 

the  leaves  of  some  dicotyledonous  plants 

and  those  of  monocotyledonous   plants. 

This    difference    is    general    throughout 

these  great  groups   of  flowering  plants. 

What  is  the  difference? 

The  polycotyledonous  pines,  spruces,  fio.  iol  -  Ptoiiei 

and   other  coniferous  trees   have  leaves 

with  but  a  single  vein,  or  two  or  three 

parallel  ones,  but  in  their  case  the  veining  could  hardly 

be  other  than  parallel,  since  the  needle-like  leaves  are  so 


Veining  in  Canna. 
Veins  ninning  f rom 
midrib  to  margin. 
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narrow  that  no  veins  of  any  considerable  length  could 
exist  except  in  a  position  lengthwise  of  the  leaf . 

The  fact  that  a  certain  plan  of  venation  is  found  mainly 
in  plants  with  a  particular  mode  of  germination,  of  stem 
structure,  and  of  arrangement  of  floral  parts,  is  but  one 
of  the  frequent 
cases  in  botany 
in  which  the 
structures  of 
plants  are  corre- 
lated  in  a  way 
which  it  is  not 
easy  to  explain. 

No  one  knows 
why  plants  with 
two  cotyledons 
s  hould  have 
netted-veined 
leaves,  but  many 
such  facts  as  this 
are  familiär  to 
every  botanist. 

147.  Simple 
and  Compound 
•Leaves.  —  The 
leaves  so  far  studied  are  simple  Zeave«,  that  is,  leaves  of  which 
the  blades  are  more  or  less  entirely  united  into  one  piece. 
But  while  in  the  elm  the  margin  is  cut  in  only  a  little 
way,  in  some  maples  it  is  deeply  cut  in  toward  the  bases 
of  the  veins.  In  some  leaves  the  gaps  between  the 
adjacent  poi'tions  extend  all  the  way  down  to  the  petiole 


FlO.  102.  —  The  Fall  of  the  Horae-Chestnut  Leaf. 
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(in  palmately  veined  leaves)  or  to  the  midrib  (in  pinnately 
veined  ones).  Such  divided  leaves  are  shown  in  Figs. 
96  and  97. 

In  still  other  leaves,  known  as  Compound  leaves^  the 
petiole,  as  shown  in  Fig.  102  (palmately  Compound)^  or  tlie 
-"^  midrib,  as  shown  in  Fig.  108  (pin- 
nately  Compound)^  bears  what  look  to 
be  separate  leaves.  These  differ  m 
their  nature  and 
mode  of  origin 
from  the  portions 
of  the  blade  of  a 
divided  leaf.  One 
result  of  this  dif- 
ference  appears  in 
the  f act  that  some 
time  before  the 
whole  leaf  is  ready 
to  fall  from  the 
tree  or  other  plant 
in  autumn,  the 
separate  portions 
or  leaflets  of  a 
Compound  leaf  are 
Seen  to  be  jointed- 
at  their  attach- 
ments, just  as  whole  leaves  are  to  the  part  of  the  stem  from 
which  they  grow.  In  Fig.  102  the  horseKjhestnut  leaf  is 
shown  at  the  time  of  falling,  with  some  of  the  leaflets 
already  disjointed. 

That  a  Compound  leaf,  in  spite  of  the  joints  of  the 


PlO.  103.  — Pinnately  Com- 
pound I^Hf  of  Ix>CU8t, 
witb  Spinea  for  Stipulee. 


Fio.  IM.  — Pinnately 
Compound  Leaf  of 
Pea.  A  tendril  takes 
the  place  of  a  terminal 
leaüet. 
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separate  leaflets,  is  really  only  one  leaf  is  shown  :  (1)  by 
the  absence  of  buds  in  the  axils  of  leaflets  (see  Fig.  82) ; 

(2)  by  the  arrangement  of  the  blades  of  the  leaflets  hori- 
zontally,  without  any  twist  in  their  individual  leaf-stalks  ; 

(3)  by  the  fact  that  their  arrangement  on  the  midrib  does 
not  foUow  any  of  the  Systems  of  leaf  arrangement  on  the 
Stern  (Sect.  149).  If  eaeh  leaflet  of  a  Compound  leaf  should 
itself  become  Compound,  the  result  would  be  to  produce 
a  tiffice  Compound  leaf.  Fig.  113  shows  that  of  an  acacia. 
What  would  be  the  appearance  of  a  thrice  Compound  leaf? 

148.   Review  Snmmary  of  Leaves.^ 
Parts  of  a  model  leaf Jg. 

b- 

Cbisaes  of  netted-veined  leaves -l    ' 

12. 


Classes  of  parallel-Teined  leaves -i    ' 

|2. 


Relation  of  yenation  to  number  of  cotyledons     .     .     .     . 


Compound  leaves; — types,  dependent  on  arrangement 
leaflets 


Once,  twice,  or  three  times  Compound  .... 
1  niustrate  by  Sketches  if  possible. 


{ 

of      Jl. 

■{ 
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LEAF  ARRANGEMENT  FOR  EXPOSURE  TO  SUN  ANB  AIR; 
MOVEMENTS  OF  LEAVES  ANB  SHOOTS 

149.   Leaf  Arrangement.^  —  As  has  been  leamed  from 
the  study  o£  the  leafy  twigs  examined,  leaves  are  quite 

generally  arranged  so  as  to 
secure  the  best  possible  ex- 
posure  to  the  sun  and  air. 
This,  in  the  vertical  shoots 
of  the  elm,  the  oak  (Fig.  105), 
the  apple,  beech,  and  other 
altemate-leaved  trees,  is  not 
inconsistent  with  their  spiral 
arrangement   of    the    leaves 

'S; 


Miä^ 


^■■-^^, 


;hn 


Fio.  106.  —  Leaf  ArraDgement 
of  the  Oak. 

around  the  stem.  In  horizon- 
tal twigs  and  branches  of  the 
elm,  the  beech  (Fig.  106), 
the  chestnut,  the  linden,  and 
many  other  trees  and  shrubs, 
the  desired  effeet  is  secured 
by  the  arrangement  of  all  the 
leaves  in  two  Hat  rows,  one  on  each  side  of  the  twig. 


FiQ.  106.  —  Leaf  Arrangement  of 
European  Beech. 


1  See  Kerner  and  Oliver's  Natural  History  of  Plants,  Vol.  I,  pp.  396-424. 
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Platb  III.  —  Expo8ure  to  Sunligbt,  Japanese  Ivy 
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The  rows  are  produced,  as  it  is  easy  to  see  on  examining 
«uch  a  leafy  twig,  by  a  twisting  about  of  the  petioles. 

The  adjustment 

.    -  in  many  opposite- 

r  leaved  trees  and 

shrubs  consists  in 
having  each  pair 
of  leaves  cover 
the  Spaces  be- 
tween  the  pair 
below  it,  and 
sometimes  in  the 
lengthening  of 
the  lower  petioles 

Fm.  107.— Leaf  Ammgementof  Hone-Chestnuton        SO     aS     tO     bring 
VertioalSbootsCtopTlew).  ^^^     ^^^^^^    ^j 

the  lower  leaves  outside  those  of  the  upper  leaves.  Ex- 
amination  of  Figs.  107  and  108  will  make  the  matter 
clear. 

The    Student  ^^^SW*"  "*"^    "i 

should  not  fail  to 
Study  the  leafage 
of  several  trees  of 
different  kinds  on 
the  growing  tree 
itself,  and  in 
climbers  on  walls 
(Plate  III),  and  to 
notice  how  circum- 
stances  modify  the  position  of  the  leaves.  Maple  leaves,  for 
example,  on  the  ends  of  the  branches  are  arranged  much 


FlO,  108.  — Leaf  Arrangement  of  Horee-Chestnut 
on  Vertical  Shoots  (side  view). 
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like  those  of  the  horse-chestimt,  but  they  are  found  to  be 
arranged  more  nearly  flatwise  along  the  inner  portions 
of  the  branehes,  that  is,  the  portions  nearer  the  tree. 
Figs.  109  and  110  show  the  remarkable  difference  in 
arrangement  in  different  branches  of  the  Deutzia,  and 
equally  interesting  modifieations  may  be  fonnd  in 
altemate-leaved  trees,  such  as  the  elm  and  the  cherry. 


Fio.  100.— Oppoflite  Leaves  of  Deutzia*  (from  the  sarae  ahrub  as  Fig.  110),  as 
arranged  on  a  Horizontal  Branch. 

150.  Leaf-Mosaics.  —  In  very  many  cases  the  leaves  at 
the  end  of  a  shoot  are  so  arranged  as  to  form  a  pretty 
symmetrical  pattern,  as  in  the  horse-chestnut  (Fig.  107). 
When  this  is  sufficiently  regulär,  usually  with  the  spatoe 
between  the  leaves  a  good  deal  smaller  than  the  areas  of 
the  leaves  themselves,  it  is  called  a  leaf-mosaic  (Fig.  111). 
Many  of  the  most  interesting  leaf-groups  of  this  sort  (as 

1  Deutzia  crenata. 
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Fio.  110.— Oppoelte  Learesof  Deutzia,  bb 
arranged  on  a  Vertical  Brancb. 


in  the  figure  above  mentioned)  are  found  in  the  so-called 

root-leaves  o£  plants.     Good  examples  of  these  are  the 

dandelion,  chicory,  fall 
dandelion,  thistle,  hawk- 
weed,  pyrola,  plantain. 
How  are  the  leaves  of 
these  plants  kept  from 
shading  each  other? 

151.  Much-Divided 
Leaves.  —  Not  infre- 
quently  leaves  are  out 
into  slender  fringe-like 
divisions,  as  in  the  carrot, 
tansy,  southernwood, 
wonnwood,  yarrow,  dog- 

fenneU  cypress-vine,  and  many  other  common  plants.    This 

kind  of  leaf  seems  to  be  adapted  to  offer  considerable 

surface  to  the  sun  without  cut- 

ting  off   too  much  light  from 

other  leaves  undemeath.     Such 

a  leaf  is  in  much  less  danger  of 

being  tom  by  severe  winds  than 

are  broader  ones  with  imdivided 

margins.      The  same  purposes 

are  served  by  Compound  leaves 

with  very  many  small  leaflets, 

such    as    those   of    the    honey- 

locust,  mimosa  acacia  (Fig.  113), 

and  other  trees  and  shrubs  of  the  pea  family.     What  kind 

of  shade  is  produced  by  a  horse-chestnut  or  a  maple  tree 

compared  with  that  of  a  honey-locust  or  an  acacia  ? 


Fio.  111.  —  Leaf-Mosaic  of  a . 
Canipanula. 
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152.  Daily  Movements  of  Leaves.  —  Many  Compound 
leaves  have  the  power  of  changing  the  position  of  their 
leaflets  to  accommodate  themselves  to  yarying  conditions 
of  light  and  temperature.  Some  plants  have  the  power 
of  directing  the  leaves  or  leaflets  edgewise  towards  the 
sun  during  the  hottest  parts  of  the  day,  allowing  them  to 

extend  their  surfaces 
more  nearly  in  a  hori- 
zontal direction  during 
the  cooler  hours. 

The  so-called  "sleep" 

of  plants  has  long  been 

--    ,,„     AT    *  ,^>^n^  kttown,  but  this  subiect 

FlO.  112.  —  A  Leaf  of  Red  Clorer.  '  J 

Attheleft.leafbyday;  attheright.theBamo     haS    bcCU  mOSt  CarefuUy 

leaf  aaieepat  night.  ßtudied  rathcr  receutly. 

The  wood  sorrel,  or  oxalis,  the  common  bean,  clovers, 
and  the  locust  tree  are  some  of  the  most  familiär  of 
the  plants  whose  leaves  assume  decidedly  different  posi- 
tions  at  night  from  those  which  they  occupy  during  the 
day.  Sometimes  the  leaflets  rise  at  night,  and  in  many 
instances  they  droop,  as  in  the  red  clover  (Fig.  112)  and 
the  acacia  (Fig.  113).  One  useful  purpose,  at  any  rate, 
.  that  is  served  by  the  leaf  s  taking  the  noctumal  position  is 
protection  from  frost.  It  has  been  proved  experimentaUy 
that  when  part  of  the  leaves  on  a  plant  are  prevented  from 
assuming  the  folded  position,  while  others  are  allowed  to 
do  so,  and  the  plant  is  then  exposed  during  a  frosty  night, 
the  folded  ones  may  escape  while  the  others  are  killed. 
Since  many  plants  in  tropical  climates  fold  their  leaves 
at  night,  it  is  certain  that  this  movement  has  other  pur- 
poses  than  protection  from  frost,  and  probably  there  is 
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much  yet  to  be  leamed  about  the  meaning  and  importance 
of  leaf-movements. 

153.  Cause  of  Sleep-Movements.  —  The  student  may 
very  naturally  inquire  whether  the  ehange  to  the  noc- 
tumal  Position  is  brought  about  by  the  ehange  from  light 
to  darkness  or  whether  it  depends  rather  upon  the  time 
of  day.  It  will  be  interesting  to  try  an  experiment  in 
regard  to  this. 

EXPERIMENT   XXVI 

Remove  a  pot  containing  an  oxalis  from  a  sunny  window  to  a 
dark  closet,  at  about  the  same  temperature,  and  note  at  intervals  of 
five  minutes  the  condition  of  its  leayes  f or  half  an  hour  or  more. 


mWäsmAsM^' 


w  "m 


Fio.  113.  — A  Le«f  of  Acacia. 
A,  as  Been  by  day ;  B,  the  same  leaf  asleep  at  night. 

154.  Structure  of  the  Parts  which  cause  Leaf-Motions.  — 
In  a  great  number  of  cases  the  daily  movements  of  leaves 
are  produeed  by  special  organs  at  the  bases  of  the  leaf- 
stalks.  These  cushion-like  organs,  called  pulvini  (Fig. 
114),    are    composed   mainly   of    parenehymatous   tissue 
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(Sect.  106),  which  contains  much  water.  It  is  impoesible 
fully  to  explain  in  simple  language  the  way  in  which  the 
cellfl  of  the  pulvini  act,  but  in  a  general  way  it  may  be 
BBid  that  changes  in  the  light  to  which  the  plant  is  exposed 
cause  rather  prompt  changes  in  the  amount  of  water  in 

the  cells  in  one  portion  or 
other  of  the  pulvinus.  If  the 
eells  on  one  side  are  filled 
fuller  of  water  than  usuaL, 
that  side  of  the  pulvinns  will 
be  expanded  and  make  the 
leafHätalk  bend  toward  the 
opposite  side.  The  prompt- 
ness  of  these 
movements  is  no 
doubt  in  consid- 
erable  measure 
due  to  the  fact 
that  in  the  pul- 
vini (as  in  many 
other  parts  of 
plants)  the  protoplasm  of  adjacent  cells  is  connected. 
Delicate  threads  of  protoplasm  extend  through  the  cell- 
walls,  making  the  whole  tissue  a  living  web,  so  that  any 
suitable  Stimulus  or  excitant  which  acts  on  one  part  of 
the  organ  will  soon  affect  the  whole  organ. 

155.  Vertically  Placed  Leaves.  —  Very  many  leaves,  like 
those  of  the  iris  (Fig.  44),  always  keep  their  principal  sur- 
faces  nearly  vertical,  thus  receiving  the  moming  and  even- 
ing  sun  upon  their  faces,  and  the  noonday  sun  (which  is 
so  intense  as  to  injure  them  when  received  füll  on  the 


Flu.  114.— 0>m|Htunil  li^rftf  of  Ut^Ati  wltli 
PulvfniiaH  fTiio  pulvJHua  hIiüws  oa  jui 
enlaj'gi^mHiüt,  In  tlie  Ö^jurf  iibiMit  tlirot- 

petiülü.ji 
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surface)  upon  their  edges.  This  adjustment  is  most  per- 
fect  in  the  compass-plant  of  the  prairies  of  the  Mississippi 
basin.     Its  leaves  stand  verj  nearly  upright,  many  with 


A  B 

Fio.  115.  —  Leares  Standing  nearly  Yertloal  In  Gompass-Plant  {Silphiwn  laeinicUum). 
A^  tUsw  from  eaat  or  weat ;  B,  from  north  or  south. 

their  edges  just  about  north  and  south  (Fig.  115),  so  that 
the  rays  of  the  midsummer  sun  will,  during  every  bright 
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daj»  strike  the  leaf-surfaces  nearly  at  right  angles  during 
a  consideraUe  portion  of  the  forenoon  and  aftemoon, 
while  at  middaj  onlj  the  edge  of  each  leaf  is  exposed 
to  the  sun. 

156.  MoYements  of  Lea^es  and  Sterns  toward  or  away 
from  Light  (HeUotropk  Movements).  —  The  stadent  doubt- 
less  learned  from  his  experiments  with  seedling  plants 
that  their  stems  tend  to  seek  light.  The  whole  plant 
above  ground  usnallj  bends  toward  the  quarter  from  which 
the  strongest  light  comes.  Such  movements  are  called 
heliotrapie  from  two  Greek  words  which  mean  tuming 
toward  the  sun.  How  do  the  plants  in  a  window  behave 
with  reference  to  the  light? 

EXPERIMENT  XXVH 

Hbw  do  Tonus  Shoota  of  Snglish  iTy  bend  witli  Reference  to  Light  ? 

—  Place  a  thrifty  potted  plant  of  English  ivy  before  a  small  window, 
e.g.,  an  ordiiiary  cellar  window,  or  in  a  large  coTered  box,  painted  dull 
black  within  and  open  only  on  the  side  toward  a  south  window. 
After  some  weeks  note  the  position  of  the  tips  of  the  shootB. 
Explain  the  nse  of  their  movements  to  the  plant 

157.  Positive  and  N^ative  Heliotropic  Movements ;  how 
prodttced.  —  Plants  may  bend  either  toward  or  away  from 
the  strongest  light.  In  the  former  case  they  are  said  to 
show  positive  heliotropism^  in  the  latter  negative  heliotro- 
pism.  In  both  cases  the  movement  is  produced  by  unequal 
growth,  brought  about  by  the  unequal  lighting  of  different 
sides  of  the  stem.  If  the  less  strongly  lighted  side  grows 
faster,  what  kind  of  heliotropism  results?  If  the  more 
strongly  lighted  side  grows  faster,  what  kind  of  heliotro- 
•^*^m  results  ?     How  would  a  plant  behave  if  placed  on  a 
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revolving  table  before  a  window  and  slowly  tumed  during 
the  hours  of  daylight? 

158.   Review  Sunuiuury  of  Chapter  X. 

_      -  ^  '         r  For  yertical  twigs     .... 

Leaf  arrangement    ...      Vt,     ,     .      ^  ,  /^  . 

"  L  For  horizontal  twigs     .     .     . 

(Apparatus  for 
Catiees  of 
Üses  of 

Compass-plants    .... 

Heliotropic  bending  of  stems  <  ^ 


CHAPTER   XI 

MINUTE  STRÜCTÜRE  OF  LBAYES;   FÜHCTIOHS  OF 
LEAVES 

159.  Lcaf  of  Lily A  good  kind  of  leaf  with  which 

to  begin  the  study  of  the  microscopical  structure  of  leaves 
in  general  is  that  of  the  lily.^ 

160.  Cross-Section  of  Lily  Leaf.  —  The  student  should  first  exam- 
ine  with  the  microscope  a  cro8s-49ectioQ  of  the  leaf,  that  is,  a  very 
thin  slice,  taken  at  right  angles  to  the  Upper  and  under  surfaces  and 
to  the  veins.     This  will  show  : 

(a)  The  upper  epidermis  of  the  leaf,  a  thin,  nearly  transparent 
membrane. 

(b)  The  intermediate  tissues. 

(c)  The  lower  epidermis. 

Use  a  power  of  from  100  to  200  diameters.  In  order  to  ascertain 
the  relations  of  the  parts,  and  to  get  their  names,  consult  Fig.  116. 
Your  section  is  by  no  means  exactly  like  the  figure ;  sketch  it.  Label 
properly  all  the  parts  shown  in  your  sketch. 

Are  any  differences  noticeable  between  the  upper  and  the  lower 
epidermis?  Between  the  layers  of  cells  immediately  adjacent  to 
each? 

161.  ünder  Surface  of  Lily  Leaf.  —  Examine  with  a  power  of  200 
or  more  diameters  the  outer  surface  of  a  piece  of  epidermis  from  the 
lower  side  of  the  leaf.'  Sketch  carefully,  comparing  your  sketch 
with  Figs.  117  and  118,  and  labeling  it  to  agree  with  those  figures. 

Examine  another  piece  from  the  upper  surface ;  sketch  it. 
How  does  the  number  of  stomata  in  the  two  cases  compare  ? 

1  Any  kind  of  Uly  will  answer. 

s  The  epidermis  may  be  started  with  a  sbarp  knife,  tben  peeled  off  with 
mall  forceps,  and  mounted  in  water  for  microscopical  examination. 

160 
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Take  measurements  from  the  last  three  sketches  with  a  scale  and, 
knowing  what  mag^ifying  power  was  used,  answer  these  questions  ^ : 
(a)  How  thick  is  the  epidermis  ? 

(()  What  is  the  length  and  the  breadth  of  the  epidermal  cells  ? 
(c)  What  is  the  average  size  of  the  pulp-cells  ? 


A  9toma  is  a  microscopic  pore  or  slit  in  the  epidermis. 
It  is  bounded  and  opened  and  shut  by  guard-cells  (Fig. 
118,  ^),  usually  two   in   number.     These  are  generally 


Fio.  ne.  —  Vertical  Section  of  the  Leaf  of  the  Beet.    (Much  magnifled.) 

e,  epldermifl  ;  p,  paljaade-cells  (and  similar  elongated  cells) ;  r,  cells  fllled  with 
red  cell  aap ;  i,  intercellular  Spaces ;  a,  alr  Spaces  communicating  with  the 
stomata ;  «<,  stomata,  or  hreathing  pores. 

1  The  teacher  may  measure  the  size  with  the  camera  lucida. 
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somewhat  kidney-shaped  and  become  more  or  less  curved 
as  they  are  fuUer  or  less  füll  of  water  (see  Sect  170). 

162.  Calculation  of  Number  of  Stomata  per  Unit  of  Area. 
—  In  Order  to  get  a  f airly  exact  idea  of  the  number  of 
stomata  on   a  unit  of  leaf-surface,  the  moet  convenient 

plan  is  to  make 
use  of  a  photo- 
micrograph.  The 
bromide  enlarge- 
ment  No.  12  of 
the  Tower  series 
represents  about 
a  twenty-five- 
hundredth  of  a 
Square  inch  of  the 
lower  epidermis  of 
the  cyclamen  leaf, 
magnified  until  it 
is  about  fifteen 
inches  square. 
Count  the  number 
of  stomata  on  the 
entire  photograph, 
then  calculate  the 
number  of  stomata 
on  a  Square  inch 
of  the  surface  of 
this  leaf.  If  a  cyclamen  plant  has  twelve  leaves,  each 
with  an  average  area  of  six  square  inches,  calculate  the 
number  of  stomata  of  the  lower  epidermis  of  all  the  leaveB 
taken  together. 


Fio.  117.  —  Epidermis  of  Leaf  of  Althaoa. 
(Much  magnified.) 
Ay  from  npper   snrfaoe ;   B^  from  lower  surfaoe. 
A,  star-ehaped  Compound  hairs ;  «<,  stomata  ;  p, 
Upper  ends  of  palisade-cells,  seen  through  the 
epidermis  ;  «,  cells  of  epidermis. 
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In  the  case  of  an  apple  tree,  where  the  epidermis  of  the 
lower  surface  of  the  leaf  contains  about  24,000  stomata  to 
the  Square  inch,  or  the  black  walnut,  with  nearly  300,000 
to  the  Square  inch, 
the  total  number 
on  a  tree  is  incon- 
ceivably  large. 

163.  Usesofthe 
Parts  ezamined.  — 
It  will  be  most  con- 
venient  to  discuss 
the  uses  of  the 
parts  of  the  leaf  a 
little  later,  but  it 
will  make  matters 
simpler  to  State  at 
once  that  the  epi- 
dermis serves  as  a 
mechanical  protec- 
tion to  the  parts 
beneath  and  pre- 
vents  excessive 
evaporation,  that 
the  palisade-celk 
(which  it  may  not  be  easy  to  make  out  very  clearly  in  a 
roughly  prepared  section)  hold  large  quantities  of  the  green 
coloring  matter  of  the  leaf  in  a  position  where  it  can 
receive  enough  but  not  too  much  sunlight,  and  the  cells 
of  the  spongy  parenchyma  share  the  work  of  the  palisade- 
cells,  besides  evaporating  much  water.  The  stomata 
admit  air  to  the  interior  of  the  leaf  (where  the  air  Spaces 


Fio.  118.  — A  Stoma  of  Thyme.    (Greatly  magnifled.) 

A,  (Motlon  at  rlght  angle«  to  surfaoe  of  leaf ;  B^  bvlT' 
face  Tiew  of  Btoma.  cu,  cuticle ;  g^  guard-eells ; 
8i  Stoma  ;  0,  epidermal  oells ;  a,  air  ohamber ; 
e,  oellB  of  spongy  parenchyma  with  grains  of 
Chlorophyll. 
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serve  to  store  and  to  distribute  it),  they  allow  oxygen 
and  carbonic  acid  gas  to  escape,  and,  above  all,  they  regu- 
lato the  evaporation  of  water  from  the  plant. 

164.  Leaf  of  "  India-Rubber  Plant."  *  —  Study  with  the  micro- 
scope,  as  the  Uly  leaf  was  studied,  make  the  same  set  of  sketchea, 
note  the  differences  in  structure  between  the  two  leavea,  and  try  to 
discover  their  meaning. 

How  does  the  epidermia  of  the  two  leaves  compare  ? 

Which  has  the  larger  stomata  ? 

Which  woidd  better  withstand  great  heat  and  long  drought  ? 

165.  Chlorophyll  as  found  in  the  Leaf.  —  Sliee  off  a 
little  of  the  epidermis  from  some  such  soft,  pulpy  leaf  as 


Fxo.  119.— Section  throngh  Lower  Epidermis  of  Leaf  of  India-Bubber  Plant 
(Ficus  elaatica).    (Magnlfled  330  dlameten.) 
o,  opening  of  plt ;  p,  plt  leading  to  Stoma ;  «,  Stoma,  with  two  gnard-oells ;  «r, 
water-storage  oells  of  epidermis  ;  a,  an  air  space ;  around  and  abore  the  air 
Spaces  are  cells  of  the  spongy  parenchyma. 

that  of  the  common  field  sorrel,^  live-for-ever,  or  spinach ; 
scrape  from  the  exposed  portion  a  very  little  of  the  green 
pulp  ;  examine  with  the  highest  power  attainable  with 
your  microscope,  and  sketch  several  cells. 

1  Ficus  elcuftica,  a  kind  of  fig  tree. 
3  Runiex  ÄcetoseUa. 
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Notice  that  the  green  coloring  matter  is  not  uniformly 
distributed,  but  that  it  is  coUected  into  litüe  particles 
called  Chlorophyll  bodtes  (Fig.  120,  p). 

166.  Woody  Tissue  in  Leaves.  —  The  veins  of  leaves 
consist  of  fibro-vascular  bundles  containing  wood  and 
vessels  much  like  those  of  the  stem 
of  the  plant.  Indeed,  these  l>iuidles 
in  the  leaf  are  continuous  with  those 
of  the  stem,  and  consist  merely  of 
portions  of  the  latter,  looki  ng  ^  - ' 
as  if  unraveled,  which  pasia  ^ 
outward  and  upward  from  the 
stem  into  the  leaf  under 
the  name  of  leaf-traces. 
These  traverse  the  peti- 
ole  often  in  a  somewhat 
irregulär  fashion. 

Fio,  l'JÜ.  —  Tonil! jmtifm 

EXPERIMENT   XXVHI       ^^  ^j'"  \^  '^^^f; 

PaMdge  of  Water  from 
Stem  to  Leaf.  — Flace  a  of  ih*' vh»  ;  ;n  pat*?«* 
freahly cut  leaf y  shoot of  some  ^^^^y^**  ^eii*  of  th* 
plant  "witn  large  ttun  leaves,  iimf,  ^uh  düoroiihyll 
such  as  Hydrangea  hortemia,  ^^J^^*"*'  "'  wü«i«iiu=^ 
in  eoein   Solution  for  a  few 

minutes.  As  soon  as  the  leaves  show  a  decided  reddening,  pull 
some  of  them  off  and  sketch  the  red  stains  on  the  scars  thus  made. 
What  does  this  show? 

167.  Experlmental  Study  of  Functions  of  Leaves.  —  The 
most  interesting  and  profitable  way  in  which  to  find  out 
what  work  leaves  do  for  the  plant  is  by  experimenting 
upon  them.     Much  ,that  relates  to  the  uses  of  leaves  is 
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not  readilj  shown  in  ordinaiy  class-room  experiments,  but 
some  things  can  leadily  be  demonstanted  in  the  experi- 
ments  whicb  follow. 

EXPERIMENT  XXIX 

Transpiration.  — Take  two  twigs  or  leafy  shoota  of  any  thin-leafed 
plant ;  ^  cover  the  cut  end  of  each  stein  with  a  bit  of  grafting  wax  * 
to  prevent  evaporation  from  the  cut  surface.  Put  one  shoot  into  a 
fruit  jar,  screw  the  top  on,  and  leave  in  a  warm  room;  put  the  other 
beside  it,  and  allow  both  to  remain  some  hours.  Examine  the 
relative  appearance  of  the  two,  as  regards  wilting,  at  the  end  of  the 
time. 

Which  shoot  has  lost  most?  Why?  Has  the  one  in  the  fruit 
jar  lost  any  water?  To  answer  this  question,  put  the  jar  (without 
opening  it)  into  a  refrigerator ;  or,  if  the  weather  is  cold,  put  it  out 
of  doors  for  a  few  niinutes,  and  examine  the  appearance  of  the  inside 
of  the  jar.     What  does  this  show  ?  ' 

168.  üses  of  the  Epidermis.^  —  Tbe  epidermis,  bj  its 
toughness,  tends  to  prevent  mechanical  injuries  to  tbe 
leaf,  and  after  tbe  filling  up  of  a  part  of  its  outer  per- 
tion  witb  a  corky  substance  it  greatly  diminisbes  tbe  loss  of 
water  from  the  general  surface.  Tbis  process  of  becom- 
ing  filled  witb  cork  (or  a  substance  of  similar  properties 
known  as  cutin)  is  absolutely  essential  to  tbe  safety  of 
leaves  or  young  portions  of  stems  whicb  bave  to  with- 
stand  beat  and  dryness..  Tbe  corky  or  cutinized  cell- 
wall  is  waterproof,  wbile  ordinary  cellulose  allows  water 

1  Hydrangea,  squash,  melon,  or  cucumber  is  best;  many  other  kinds  will 
answer  very  well. 

3  Grafting  waz  may  be  boaght  of  nurserymen  or  seedsmen. 

*  If  the  stadent  is  in  doubt  wbetber  tbe  jar  filled  with  ordinary  air  migbt 
not  behave  in  the  same  way ,  tbe  question  may  be  readily  anawered  by  patting 
a  sealed  jar  of  air  into  the  refrif^erator. 

4  See  Kemer  and  OliTer's  Natural  History  o/PlarUs,  Vol.  I,  pp.  273-362. 
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to  soak  through  it  with  ease.  Merely  examining  sections 
of  the  yarious  kinds  of  epidermis  will  not  give  nearly 
as  good  an  idea  of  their  properties  as  can  be  obtained 
by  studying  the  behavior  during  severe  droughts  of 
plants  which  have  strongly  cutinized  surfaces  and  of 
those  which  have  not.  Fig.  121,  however,  may  convey 
some  notion  of  the  difference  between  the  two  kinds  of 
strueture.  In  most 
cases,  as  in  the  india- 
rubber  tree,  the  ex- 
temal  epidermal  cells 
(and  often  two  or 
three  layers  of  cells 
beneath  these)  are 
filled  with  water,  and  ß 
thus   serve  as  reser- 

VOirS  from  which  the         Fia.121.  — ünequmlDerelopmentof  Cntiole 

outer  parts  of  the  leaf  ^  Epidermi.<jeiiB. 

Af  epidermis  of  Butoher's  Broom  (Rtueut) ;  B^ 
and   the    Stem    are    at  epidermis  of  sunSower ;  c,  outiole ;  e,  epi- 

timeS   SUpplied.  dermis^Us. 

In  many  cases,  noticeably  in  the  cabbage,  the  epidermis 
is  covered  with  a  waxy  coating,  which  doubtless  increases 
the  power  of*  the  leaf  to  retain  needed  moisture,  and 
which  certainly  prevents  rain  or  dew  from  covering  the 
leaf -surfaces,  especially  the  lower  surfaces,  so  as  to  hinder 
the  Operation  of  the  stomata.  Many  common  plants,  like 
the  meadow  rue  and  the  nasturtium,  possess  this  power 
to  shed  water  to  such  a  degree  that  the  under  surface  of 
the  leaf  is  hardly  wet  at  all  when  immersed  in  water. 
The  air-bubbles  on  such  leaves  give  them  a  silvery 
appearance  when  held  under  water. 
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169.  Hairs  on  Leaves.  —  Many  kinds  of  leaves  are  more 
or  less  hairj  or  downy,  as  those  of  the  mullein,  the 
"mullein  pink,"  many  cinquefoils,  and  other  common 
plants.  In  some  instances  this  hairiness  may  be  a  protec- 
tion against  snails  or  other  small  leaf-eating  animals,  but 
in  other  cases  it  seems  to  be  pretty  clear  that  the  woolli- 
ness  (bo  often  confined  to  the  under  surface)  is  to  lessen 
the  loss  of  water  through  the  stomata.  The  Labrador 
tea  is  an  excellent  example  of  a  plant,  with  a  densely 
wooUy  coating  on  the  lower  surface  of  the  leaf.  The 
leaves,  too,  are  partly  roUed  up  (see  Fig.  224),  with  the 
Upper  surface  outward,  so  as  to  give  the  lower  surface 
a  sort  of  deeply  grooved  form,  and  on  the  lower  sur&tce 
all  of  the  stomata  are  placed.  This  plant,  like  some 
others  with  the  same  characteristics,  ranges  far  north  into 
regions  where  the  temperature,  even  during  summer, 
often  falls  so  low  that  absorption  of  water  by  the  roots 
ceases,  since  it  has  been  shown  that  this  nearly  stops  a 
little  above  the  freezing  point  of  water  (see  Exp.  XVII). 
Exposed  to  cold,  dry  winds,  the  plant  would  then  often 
be  killed  by  complete  drying  if  it  were  not  for  the  pro- 
tection afforded  by  the  wooUy,  channeled  under  surfaces 
of  the  leaves.^ 

170.  Operation  of  the  Stomata.  —  The  stomata  serve  to 
admit  air  to  the  interior  of  the  leaf,  and  to  allow  moisture, 
in  the  form  of  vapor,  to  pass  out  of  it.  They  do  this  not 
in  a  passive  way,  as  so  many  mere  holes  in  the  epidermis 
might,  but  to  a  considerable  extent  they  regulate  the 
rapidity  of  transpiration,  opening  more  widely  in  damp 
weather  and  closing  in   dry   weather.     The   opening  is 

1  Thifl  adaptation  is  snfficiently  interesting  for  class  study. 


Platk  W.  —  A  Cypress  Swanip 
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caused  by  each  of  the  guard-cells  bending  into  a  more 
kidney-like  form  tban  usual,  and  the  closing  by  a  straigbt- 
ening  out  of  the  guard-cells.  The  under  side  of  the  leaf, 
free  from  palisade-cells,  abounding  in  intercellular  Spaces, 
and  pretty  well  protected  from  becoming  covered  with 
rain  or  dew,  is  especially  adapted  for  the  working  of  the 
stomata,  and  accordingly  we  usually  find  them  in  much 
greater  numbers  on  the  lower  surface.  On  the  other 
band,  the  little  flowerless  plants  known  as  liverworts, 
which  lie  prostrate  on  the  ground,  have  their  stomata  on 
the  Upper  surface,  and  so  do  the  leaves  of  pond  lilies, 
which  lie  flat  on  the  water.  In  those  leaves  which  stand 
with  their  edges  nearly  vertical,  the  stomata  are  dis- 
tributed  somewhat  equally  on  both  surfaces.  Stomata 
occur  in  the  epidermis  of  young  stems,  being  replaced 
later  by  the  lenticels.  Those  plants  which,  like  the 
cacti,  have  no  ordinary  leaves,  transpire  through  the 
stomata  scattered  over  their  general  surfaces. 

The  health  of  the  plant  depends  largely  on  the  proper 
working  condition  of  the  stomata,  and  one  reason  why 
plants  in  cities  often  fail  to  thrive  is  that  the  stomata 
become  choked  with  dust  and  soot.  In  some  plants,  as 
the  Oleander,  provision  is  made  for  the  exclusion  of  dust 
by  a  fringe  of  hairs  about  the  opening  of  each  Stoma.  If 
the  stomata  were  to  become  fiUed  with  water,  their  activ- 
ity  would  cease  until  they  were  freed  from  it;  hence 
many  plants  have  their  leaves,  especially  the  under  sur- 
faces, protected  by  a  coating  of  wax  which  sheds  water. 

171.  Measurement  of  Transpiration.  —  We  have  already 
proved  that  water  is  lost  by  the  leaves,  but  it  is  worth 
while  to   perform  a  careful   experiment  to   reduce   our 
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knowledge  to  an  exaot  form,  to  leam  how  much  water 
a  given  plant  transpires  under  certain  conditions.  It  is 
also  desirable  to  find  out  whether  different  kinds  of  plants 
transpire  alike,  and  what  changes  in  the  temperature,  tbe 
dampness  of  the  air,  the  brightness  of  the  light,  to  wbich 
a  plant  is  exposed,  have  to  do  with  its  transpiration. 
Another  experiment  will  show  whether  both  sides  of  a 
leaf  transpire  alike. 


EXPERIMENT  XXX 

Amoant  of  Water  lost  by  Transpiratioii. — Procure  a  thrifty  hydran- 
gea^  and  a  small  « india-rubber  plant,"*  each  growing  in  a  small 

flower-pot,  aud  with  the  number 
of  Square  inches  of  leaf-surfaoe 
in  the  two  plants  not  too  widely 
different.  Calculate  the  area  of 
the  leaf-Burface  for  each  plant, 
by  dividing  the  surface  of  a  piece 
of  tracing  cloth  into  a  series  of 
Squares  one-half  inch  on  a  side, 
holding  an  average  leaf  of  each 
plant  against  this  and  counting 
the  number  of  Squares  and  parta 
of  Squares  covered  by  the  leaf. 
Or  weigh  a  Square  inch  of  tinfoil 
on  a  yery  delicate  balance,  cut 
out  a  piece  of  the  same  kind  of 
tinfoil  of  the  size  of  an  average 
leaf,  weigh  this  and  calculate  the 
leaf-area  from  the  two  weights. 
This  area,  multiplied  by  the  number  of  leaves  for  each  plant,  wiU 
give  approximately  the  total  evaporating  surface  for  each. 

Transfer  each  plant  to  a  glass  battery  jar  of  suitable  size.     Cover 


Fio.  122.  — A  Hydrangeft  potted  in  a 
Battery  Jar  for  Exp.  XXX. 


1  The  common  species  of  the  greenhooses,  Hydrangea  hortensia. 

2  This  is  really  a  flg,  Ficus  eUuHca, 
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the  jar  with  a  pieca  of  sheet  lead,  slit  to  admit  the  stein  of  the  plant, 
inrert  the  jar  and  seal  the  lead  to  the  glass  with  a  hot  mixture  of 
beeswax  and  rosin.  Seal  up  the  slit  and  the  opening  about  the 
stein  with  grafting  was.  A  thistle-tube,  such  as  is  used  by  chem- 
ists,  is  also  to  be  inserted,  as  shown  in  Fig.  122.^  The  niouth  of  this 
may  be  kept  corked  when  the  tube  is  not  in  use  for  watering. 

Water  each  plant  moderately  and  weigh  the  plants  separately  on 
a  balance  that  is  sensitive  to  one  or  two  grams.  Record  the  weights, 
allow  the  plants  to  stand  in  a  sunny,  warm  room  for  twenty-four 
houTS  and  reweigh. 

Add  to  each  plant  jnst  the  amount  of  water  which  is  lost,'  and 
continne  the  experiment  in  the  same  manner  for  seyeral  days  so  as 
to  ascertain,  if  possible,  the  effect  upon  transpiration  of  varying 
amounts  of  water  in  the  atraosphere. 

Calculate  the  ayerage  loss  per  100  sqnare  inches  of  leaf-surface  for 
each  plant  throughout  the  whole  course  of  the  experiment  Divide 
the  greater  loss  by  the  lesser  to  find  their  ratio.  Find  the  ratio  of 
each  plant's  greatest  loss  per  day  to  its  least  loss  per  day,  and  by 
comparing  these  ratios  decide  which  transpires  more  reg^larly. 

Try  the  effect  of  supplying  very  little  water  to  each,  so  that  the 
hydrangea  will  begin  to  droop,  and  see  whether  this  changes  the 
relative  amount  of  transpiration  for  the  two  plants.  Vary  the  con- 
ditions  of  the  experiment  for  a  day  or  two  as  regards  temperature, 
and  again  for  a  day  or  two  as  regards  light,  and  note  the  effect  upon 
the  amount  of  transpiration. 

The  structure  of  the  fig  (Indiarrubber  plant)  leaf  has  already  been 
stadied.  That  of  the  hydrangea  is  looser  in  texture  and  more  like 
the  leaf  of  the  lily  or  the  beet  (Fig.  116). 

What  light  does  the  structure  throw  on  the  results  of  the  pre- 
oeding  experiment  ? 

1  It  will  be  mach  more  convenient  to  tie  the  hydrangea  If  one  has  been 
cbosen  that  has  bat  a  Single  main  stem.  Instead  of  the  hydrangea,  the  com* 
mon  cineraria,  Senecio  crueniWf  does  very  well. 

*  The  addition  of  known  amoants  of  water  may  be  made  moat  conveniently 
by  measoring  it  in  a  cylindrical  graduate. 
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EXPERIMENT   XXXI 

Through  which  Side  of  a  Leaf  of  the  Indüt-Rnbber  PUnt  does  Tran- 
spiration  occor  ?  —  The  student  may  already  have  found  (Sect  164) 
that  there  are  no  stomata  on  the  upper  surface  of  the  fig  leaf  which 
he  studied.  That  fact  makes  this  leaf  an  excellent  one  by  means  of 
which  to  study  the  relation  of  stomata  to  transpiration. 

Take  two  large,  sound  rubber-plant  leaves,  cut  off  pretty  close  to 
the  stem  of  the  plant.  Slip  over  the  cut  end  of  the  petiole  of  each 
leaf  a  piece  of  small  rubber  tubing,  wire  this  on,  leaving  about  half 
of  it  free,  then  double  the  free  end  over  and  wire  tightly,  so  as  to 
make  the  covering  moisture-proof.  Warm  some  vaseline  or  grafting 
wax  until  it  is  almost  liquid,  and  spread  a  thin  layer  of  it  smoothly 
over  the  upper  surface  of  one  leaf  and  the  lower  surface  of  the  other. 
Hang  both  up  in  a  sunny  place  in  the  laboratory  and  watch  them  for 
a  month  or  more. 

What  difference  in  the  appearance  of  the  two  leaves  becomes 
evident  ?    What  does  the  experiment  prove  ? 

172.  Endurance  of  Drought  by  Plants. — Planta  in  a  wild 
State  have  to  live  under  extremely  different  conditions  as 
regards  water  supply  (see  Chapter  XXIV).  Observation 
of  growing  plants  during  a  long  drought  will  quickly 
show  how  differently  the  various  species  of  a  region  bear 
the  hardships  due  to  a  scanty  supply  of  moisture.  It  ia 
still  easier,  however,  to  subject  some  plants  to  an  artificial 
drought  and  watch  their  condition. 

EXPERIMENT  XXXII 

Resistance  to  Drought.  —  Procure  at  least  one  plant  f  rom  each  of 
these  groups  : 

Group  I.  Melon-cactus  (Echinocactus  or  Mamülaria),  prickly 
pear  cactus. 

Group  II.    Aloe,  Cotyledon  (often  called  Echeveria),  houseleek. 
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Gronp  IIL  Live-for-ever  (Sedum  TeUphiuni),  Bryophylluntj  English 
ivy,  "  ivy-leafed  geranium/'  (Pelargonium  peltatum),  or  any  of  the 
fleshy-leafed  begonias. 

Group  rV.  Hydrangea  (H.  hortensid),  squash  or  cucamber,  Bun- 
flower. 

The  plants  shoold  be  growing  in  pots  and  well  rooted.  Water 
them  well  and  then  put  them  all  in  a  warm,  sunny  place.  Note  the 
appearanoe  of  all  the  plants  at  the  end  of  twenty-four  hours.  If  any 
are  wilting  badly,  water  them.  Keep  on  with  the  experiment,  in  no 
case  watering  any  plant  or  set  of  plants  until  it  bas  wilted  a  good 
deal.  Becord  the  observations  in  such  a  way  as  to  show  just  how 
long  a  time  it  took  each  plant  to  begin  to  wilt  from  the  time  when 
the  experiment  began.  If  any  hold  out  more  than  a  month,  they 
may  af  terwards  be  examined  at  intervals  of  a  week,  to  save  the  time 
required  for  daily  observations.  If  possible,  account  by  the  struc 
iure  of  the  plants  for  some  of  the  differences  observed.  Try  to  learn 
the  native  coimtry  of  each  plant  used  and  the  soil  or  exposure  natural 
to  it. 

173.  Coiirse  traversed  by  Water  through  the  Leaf . — The 
same  plan  that  was  adopted  to  trace  the  course  of  water  in 
the  stem  (Exp,  XXI)  may  be  f oUowed  to  discover  its  path 
through  the  leaf. 

EXPERIMENT  XXXIII 

Kise  of  Sap  in  Leaves.  —  Put  the  f reshiy  cut  ends  of  the  petioles 
of  several  thin  leaves  of  difEerent  kinds  into  small  glasses,  each  con- 
taining  eosin  Solution  to  the  depth  of  one-quarter  inch  or  more. 
Allow  them  to  stand  for  half  an  hour,  and  examiue  them  by  holding 
up  to  the  light  and  looking  through  them  to  see  into  what  parts  the 
eosin  Solution  has  risen.  Allow  some  of  the  leaves  to  remain  as 
much  as  twelve  hoiirs,  and  examine  them  again.  The  red-stained 
portions  of  the  leaf  mark  the  lines  along  which,  under  natural  con- 
ditions,  sap  rises  into  it.  Cut  across  (near  the  petiole  or  midrib 
enda)  all  the  principal  veins  of  some  kind  of  large,  thin  leaf.  Then 
cut  oif  the  petiole  and  at  once  stand  the  cut  eud,  to  whicli  the  blade 


164  FOUNDATIONS  OF  BOTANY 

is  attached,  in  eosin  Solution.     Repeat  with  another  leaf  and  stand 
in  water.    What  do  the  resolts  teach  ? 

174.  Total  Amount  of  Transpiration.  —  In  order  to  pre- 
vent  wilting,  the  rise  of  sap  during  the  life  of  the  leaf 
must  haye  kept  pace  with  the  evaporation  from  its  sur- 
face.  The  total  amount  of  water  that  travels  through  the 
roots,  stems,  and  leaves  of  most  seed-plants  during  their 
lifetime  is  large,  relative  to  the  weight  of  the  plant  itself • 
During  173  dsLjs  of  growth  a  com-plant  has  been  found  to 
give  oflE  nearly  31  pounds  of  water.  During  140  days  of 
growth  a  sunflower-plant  gave  off  about  145  pounds.  A 
grass-plant  has  been  found  to  give  off  its  own  weight  of 
water  every  twenty-four  hours  in  hot,  dry  summer  weather. 
This  would  make  about  ß\  tons  per  acre  every  twenty-four 
hours  f or  an  ordinary  grass-field,  or  rather  over  2200  pounds 
of  water  from  a  field  50  x  150  feet,  that  is,  not  larger  than 
a  good-sized  city  lot.  Calculations  based  on  observations 
made  by  the  Austrian  forest  experiment  stations  showed 
that  a  birch  tree  with  200,000  leaves,  standing  in  open 
ground,  transpired  on  hot  summer  days  from  700  to  900 
pounds,  while  at  other  times  the  amount  of  transpiration 
was  probably  not  more  than  18  to  20  pounds.^ 

These  large  amounts  of  water  are  absorbed,  carried 
through  the  tissues  of  the  plant,  and  then  given  off  by  the 
leaves  simply  because  the  plant-food  contained  in  the  soil- 
water  is  in  a  condition  so  diluted  that  great  quantities  of 
water  must  be  taken  in  order  to  secure  enough  of  the  min- 
eral  and  other  substances  which  the  plant  demands  from 
the  soil. 

1  See  B.  E.  Fernow's  discnssion  in  Report  of  Division  of  Foreetry  of  U.  8. 
Department  of  Agricaltnre,  1889. 
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Meadow  hay  contains  about  two  per  cent  of  potash^  or 
2000  parts  in  100,000,  while  the  soil-water  of  a  good  soll 
does  not  contain  more  than  one-half  part  in  100,000  parts. 
It  would  therefore  take  4000  tons  of  such  water  to  fumish 
the  potash  for  one  ton  of  hay.  The  water  which  the 
root-hairs  take  up  must,  however,  contain  far  more  potash 
than  is  assumed  in  the  calculation  above  given,  so  that  the 
amonnt  of  water  actually  used  in  the  growth  of  a  ton  of 
haj  cannot  be  mach  more  than  260  tons.^ 

175.  Accumulation  of  Mineral  Matter  in  the  Leaf .  —  Just 
as  a  deposit  of  salt  is  f  ound  in  the  bottom  of  a  seaside  pool 
of  salt  water  which  has  been  dried  up  by  the  sun,  so  old 
leaves  are  found  to  be  loaded  with  mineral  matter,  left 
behind  as  the  sap  drawn  up  from  the  roots  is  evaporated 
through  the  stomata.  A  bonfire  of  leaves  makes  a  sur- 
prisingly  large  heap  of  ashes.  An  abundant  constituent 
of  the  ashes  of  bunit  leaves  is  silica,  a  substance  chemic- 
ally  the  same  as  sand.  This  the  plant  is  forced  to  absorb 
along  with  the  potash,  Compounds  of  phosphorus,  and  other 
useful  substances  contained  in  the  soil-water;  but  since 
the  silica  is  of  hardly  any  value  to  most  plants,  it  often 
accumulates  in  the  leaf  as  so  much  ref  use.  Lime  is  much 
more  useful  to  the  plant  than  silica,  but  a  far  larger  quan- 
tity  of  it  is  absorbed  than  is  needed;  hence  it,  too,  accu- 
mulates in  the  leaf. 

176.  Ntttritioni  Metabolism.^  —  The  manufacture  of  the 
more  complex  plant-foods,  starch,  sugar,  and  so  on,  from 

1  See  the  artide,  "  Water  as  a  Factor  in  the  Growth  of  Planta/'  by  B.  T. 
Galloway  and  Albert  F.  Woods,  Year-Book  of  U.  S.  Departmeni  of  Ägrunüture, 
2894. 

<  See  Kemer  and  Oliver's  Natural  Hislory  of  Plants,  Vol.  I,  pp.  371-483. 
Also  Pfeffer's  Phyalology  of  Plants,  translated  by  Ewart,  Ghapter  VIII. 
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the  raw  materials  which  are  afforded  bj  the  earüi  and  air 
and  all  the  steps  of  the  processes  by  which  these  f oods  are 
used  in  the  life  and  growth  of  the  plant  are  together  known 
as  its  ntUritian,  When  we  think  more  of  the  chemical 
side  of  nutrition  than  of  its  relation  to  plant-life,  we  call 
any  of  the  changes  or  all  of  them  metabolüm^  which  means 
simply  chemical  transformation  in  living  tissues.  There 
are  two  main  classes  of  metabolism  —  the  constmctive  kind, 
which  embraces  those  changes  which  build  up  more  com- 
plicated  substances  out  of  simpler  ones  (Sect.  179),  and  the 
destructive  kind,  the  reverse  of  the  former  (Sect.  184).  A 
good  many  references  to  cases  of  plant  metabolism  have 
been  made  in  earlier  chapters,  but  the  subject  comes  up  in 
more  detail  in  connection  with  the  study  of  the  work  of  leaves 
than  any  where  eise,  because  the  feeding  which  the  ordinary 
seed-plant  does  is  very  largely  done  in  and  by  its  leaves. 

177.  Details  of  the  Work  of  the  Leaf .  —  A  leaf  has  four 
functions  to  perform:  (1)  Starch-making ;  (2)  assimila- 
tion ;  ^  (3)  excretion  of  water  ;  (4)  respiration. 

178.  Absorption  of  Carbon  Dioxide  and  Removal  of  its 
Carbon.  —  Carbon  dioxide  is  a  constant  ingredient  of  the 
atmosphere,  usually  occurring  in  the  proportion  of  about 
four  parts  in  every  10,000  of  air  or  one  twenty-fifth  of  one 
per  Cent.  It  is  a  colorless  gas,  a  Compound  of  two  simple 
substances  or  Clements,  carbon  and  oxygen,  the  former 
familiär  to  us  in  the  forms  of  charcoal  and  graphite,  the 
latter  occurring  as  the  active  constituent  of  air. 

1  In  many  works  on  Botany  (1)  and  (2)  are  both  componnded  ander  the 
term  €U9imilation.  Many  botanists  (most  of  the  American  ones)  apply  the 
name  phototynthesis  or  photoayntaz  to  the  starch-making  process,  but  these 
names  are  not  whoUy  satisfactory,  and  perhaps  it  is  as  well  (as  suggested  by 
Professor  Atkinson)  to  name  the  process  from  its  result. 
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Carbon  dioxide  is  produced  in  immense  quantities  bj 
Üie  decay  of  vegetable  and  animal  matter,  by  the  respira- 
tion  of  animals,  and  by  all  fires  in  which  wood,  coal,  gas, 
er  petroleum  is  bumed. 

Green  leayes  and  the  green  parts  of  plants,  when  they 
contain  a  suitable  amount  of  potassium  salts,  have  the 
power  of  removing  carbon  dioxide  from  the  air  (or  in 
the  case  of  some  aquatic  plants  from  water  in  which  it  is 
dissolved),  retaining  its  carbon  and  setting  free  part  or  all 
of  the  oxygen.  This  process  is  an  important  part  of  the 
work  done  by  the  plant  in  making  over  raw  materials  into 
food  from  which  it  forms  its  own  substance. 

EXPERIMENT   XXXIV 

Qzygen-llakiiig  in  Stmlight.  —  Place  a  green  aquatic  plant  in  a 
glass  jar  füll  of  ice-cold  fresh  water,  in  front  of  a  suiiny  window.^ 
Place  a  thermometer  in  the  jar,  watch  the  rise  of  temperature,  and 
note  at  what  point  you  first  observe  the  formation  of  oxygen  bub- 
bles.  Remove  to  a  dark  closet  for  a  few  minutes  and  examine  by 
lamplight,  to  see  whether  the  rise  of  bubbles  still  continues. 

This  gas  may  be  shown  to  be  oxygen  by  coUecting  some 
of  it  in  a  small  inverted  test-tube  fiUed  with  water  and 
thrusting  the  glowing  coal  of  a  match  just  blown  out  into 
the  gas.  It  is  not,  however,  very  easy  to  do  this  satisfac- 
torily  before  the  class. 

Repeat  the  experiment,  using  water  which  has  been  well  boiled 
and  then  quickly  cooled.  Boiling  rerooves  all  the  dissolved  gases 
from  water,  and  they  are  not  re-dissolved  in  any  considerable  quantity 
for  many  hoors. 

1  Elodea,  MyriophyUtan,  Chryaogplenium,  Potamogeton,  FontinaliSt  any  of 
the  green  aquatic  flowering  plants,  or  even  the  common  confervaceous  plants, 
Imown  as  pondscum  or  **  frog-spit,"  will  do  for  this  experiment. 
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Ordinary  air,  containing  a  known  per  cent  of  carbon  dioxide, 
if  paased  yery  slowly  over  the  foliage  of  a  plant  covered  with  a  bell- 
glasfl  and  placed  in  füll  sunlight,  will,  if  tested  chemically,  on  com. 
ing  out  of  the  beU-glass  be  found  to  have  lost  a  little  of  its  carbon 
dioxide.  The  pot  in  which  the  plant  grows  must  be  covered  with  a 
lid,  cloeely  sealed  on,  to  prevent  air  charged  with  carbon  dioxide  (as 
the  air  of  the  soll  is  apt  to  be)  from  rising  into  the  bell-glaas. 

179.   IMsposition  made  of  the  Absorbed  Carbon  Dioxide. 

—  It  would  lead  the  student  too  far  into  the  chemistry  of 
botany  to  ask  him  to  foUow  out  in  detail  the  changes  bj 
which  carbon  dioxide  lets  go  part  at  least  of  its  oxygen 
and  gives  its  remaining  portions,  namely,  the  carbon,  and 
perhaps  part  of  its  oxygen,  to  build  up  the  substance  of 
the  plant.  Starch  is  composed  of  three  Clements  :  hydro- 
gen  (a  colorless,  inflammable  gas,  the  lightest  of  known 
substances),  carbon,  and  oxygen.  Water  is  composed 
largely  of  hydrogen,  and,  therefore,  carbon  dioxide  and 
water  contain  all  the  Clements  necessary  for  making  starch. 
The  chemist  cannot  put  these  Clements  together  to  form 
starch,  but  the  plant  can  do  it,  and  at  suitable  temperatures 
starch-making  goes  on  constantly  in  the  green  parts  of 
plants  when  exposed  to  sunlight  and  supplied  with  water 
and  carbon  dioxide.^  The  seat  of  the  manufacture  is  in 
the  Chlorophyll  bodies,  and  pi*otopla8m  is  without  doubt  the 
manufacturer,  but  the  process  is  not  understood  by  chemist» 
or  botanists.  No  carbon  dioxide  can  be  taken  up  and  used 
by  plants  growing  in  the  dark,  nor  in  an  atmosphere  con- 
taining only  carbon  dioxide,  even  in  the  light. 

1  Very  likely  the  plant  makes  sugar  fint  of  all  and  then  rapidly  changes 
this  into  starch.  However  that  may  be,  the  first  kind  of  food  made  in  the 
leaf  and  retained  long  enongh  to  be  found  there  by  ordinary  tests  is  starch. 
See  Pfeffer's  Physiology  of  Plants,  tranalated  by  Ewart,  Vol.  I,  pp.  317,  318. 


Flat£  V.  —  A  Saprophytü,  Indiaii  ?ipe 
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A  very  good  comparison  of  the  leaf  to  a  mill  has  been 
made  as  f oUows  ^ : 


ThemiU: 

Palisade-cells  and  underlying 

cells  of  the  leaf. 

Raw  material  used : 

Carbon  dioxide,  water. 

Milling  apparstus : 

Chlorophyll  grains. 

Energy  by  which  the  mill 

isrun: 

Sunlight 

Manufactured  product : 

Starch. 

Waste  product : 

Oxygen. 

180.  Planta  Destitute  of  Chlorophyll  not  Starch-Hakers. 

—  Aside  f rom  the  f act  that  newly  f ormed  starch  grains  are 
first  found  in  the  Chlorophyll  bodies  of  the  leaf  and  the 
green  layer  of  the  bark,  one  of  the  best  evidences  of 
the  intimate  relation  of  Chlorophyll  to  starch-making  is 
derived  from  the  fact  that  plants  which  contain  no  Chloro- 
phyll cannot  make  starch  from  water  and  carbon  dioxide. 
Parasites,  like  the  dodder,  which  are  nearly  destitute  of 
gieen  coloring  matter,  cannot  do  this;  neither  can  sapro- 
phyteB  or  plants  which  live  on  decaying  or  fermenting 
organic  matter,  animal  or  vegetable.  Most  saprophytes, 
like  the  moulds,  toadstools,  and  yeast,  are  flowerless  plants 
of  low  Organization,  but  there  are  a  few  (such  as  the 
Indian  pipe  (Plate  V),  which  flourishes  on  rotten  wood 
or  among  decaying  leaves)  that  bear  flowers  and  seeds. 

181.  Detection  of  Starch  in  Leaves.  —  Starch  may  be 
found  in  abundance  by  microscopical  exaraination  of  the 
green  parts  of  growing  leaves,  or  its  presence  may  be 
shown  by  testing  the  whole  leaf  with  iodine  Solution. 

1  By  Professor  George  li.  Goodale. 
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EXPERIMENT  XXXV 

Occorrenoe  of  Starch  in  Nasturtiiim  LeaTes.  —  Toward  the  close  of 
a  very  sunny  day  coUect  some  bean  leaves  or  leayes  of  nastortium 
(TropcBolum),  Boil  these  in  water  for  a  few  minutes,  to  kill  the 
protoplasmic  contents  of  the  cells  and  to  soften  and  sweU  the  starch 
grains.^ 

Soak  the  leayes,  after  boiling,  in  stroug  alcohol  for  a  day  or  two, 
to  dissolve  out  the  Chlorophyll,  which  would  otherwise  make  it  diffi- 
cult  to  see  the  blue  color  of  the  starch  test,  if  any  were  obtained. 
Rinse  out  the  alcohol  with  plenty  of  water 
,  ^""^  and  then  place  the  leaves  for  ten  or  fifteen 

'%S\~  minutes  in  a  Solution  of  iodine,  rinse  off 

with  water  and  note  what  portions  of  the 
leaf,  if  any,  show  the  presence  of  starch. 

EXPERIMENT  XXXVI 

Consnmption  of  Starch  in  Nastoitiom 
(Tropceolum)  Leayes. — Select  some  healthy 
leaves  of  Tropseolum  on  a  plant  growing 
vigorously  indoors  or,  still  better,  in  the 
open  air.  Shut  off  the  sunlight  from 
parts  of  the  selected  leaves  (which  are  to 
be  left  on  the  plant  and  as  little  injured 
as  may  be)  by  pinning  circular  disks  of  cork  on  opposite  sides  of 
the  leaf,  as  shown  in  Fig.  123.  On  the  afternoon  of  the  next  day 
remove  these  leaves  from  the  plant  and  treat  as  described  in  the 
preceding  experiment,  taking  especial  pains  to  get  rid  of  all  the 
Chlorophyll  by  changing  the  alcohol  as  many  times  as  may  be  neces- 
sary.  What  does  this  experiment  show  in  regard  to  the  consump- 
tion  of  starch  in  the  leaf?     What  has  caused  its  disappearance? 

182.  Rate  at  which  Starch  is  manuf actured.  —  The 
amount  of  starch  made  in  a  day  by  any  given  area  of 

1  The  leaves,  collected  as  above  described,  may,  after  boiling,  be  kept  in 
alcohol  for  winter  use.  Tbey  also  make  ezcelleot  material  for  the  micro> 
scopical  study  of  starch  in  the  leaf. 


Pio.  123.  — Leaf  of  Trop«o- 
lum  partly  oovered  with 
Disks  of  Ck>rk  and  ex- 
posed  to  Sunlight. 
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foliage  must  depend  on  the  kind  of  leayes,  the  tempera- 
ture  of  the  air,  the  intensity  of  the  sunlight,  and  some 
other  circumBtances.  Sunflower  leaves  and  pumpkiu  or 
squash  leaves  have  been  found  to  manufacture  starch  at 
about  the  same  rate.  In  a  summer  day  fif  teen  hours  long 
they  can  make  nearly  three-quarters  of  an  ounce  of  starch 
for  each  Square  yard  of  leaf-snrface.  A  full-grown  squash 
ieaf  has  an  area  of  about  one  and  one-€ighth  Square  feet, 
and  a  plant  may  bear  as  many  as  100  leaves,  What  would 
be  the  daily  starch-making  capacity  of  such  a  plant?  ^ 

183.  Assimilation.  —  From  the  starch  in  the  Ieaf,  grape- 
sugar  or  malt-sugar  is  readily  formed,  and  some  of  this  in 
turn  is  apparently  combined  on  the  spot  with  nitrogen, 
sulphur,  and  phosphorus.  These  Clements  are  derived 
from  nitrates,  sulphates,  and  phosphates,  taken  up  in  a 
dissolved  condition  by  the  roots  of  the  plant  and  trans- 
ported  to  the  leaves.  The  details  of  the  process  are  not 
understood,  but  the  result  of  the  combination  of  the 
sugars  or  similar  substances  with  suitable  (very  minute) 
proportions  of  nitrogen,  sulphur,  and  phosphorus  is  to 
form  complex  nitrogen  Compounds.  These  are  not  pre- 
cisely  of  the  same  composition  as  the  living  protoplasm 
of  plant-cells  or  as  the  reserve  proteids  stored  in  seeds 
(Sects.  14,  17),  stems  (Sect.  127),  and  other  parts  of 
plants,  but  are  readily  changed  into  protoplasm  or  proteid 
foods  as  necessity  may  demand. 

Assimilation  is  by  no  means  confined  to  leaves  ;  indeed, 
most  of  it,  as  above  suggested,  must  take  place  in  other 
parts  of  the  plant.  For  instance,  the  manufacture  of  the 
immense  amounts  of  cellulose,  of  cork,  and  of  the  com- 

1  See  Pfeffer*8  Phygiology  of  Pla?Us,  translated  by  Ewart,  Vol.  I,  p.  324. 
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ponnd  (lignifi)  characteristic  of  wood-fiber,  that  go  to  make 
up  the  main  bulk  of  a  large  tree  must  be  canied  on  in  the 
roots,  trank,  and  branches  of  the  tree. 

184.  Digestive  Hetabolism.  —  Plant-food  in  order  to  be 
canied  to  the  parts  where  it  is  needed  mnst  be  dissolved, 
and  this  dissolving  of ten  involves  a  chemical  change  and 
is  somewhat  similar  to  digestion  as  it  occurs  in  animals. 
The  newly  made  starch  in  the  leaf  must  be  changed  to  a 
sugar  or  other  substance  soluble  in  water  before  it  can  be 
carried  to  the  parts  of  the  plant  where  it  is  to  be  stored 
or  to  rapidly  growing  parts  where  it  is  to  be  used  for 
building  material.  On  the  other  band,  starch,  oil,  and 
such  insoluble  proteids  as  are  deposited  in  the  outer  por- 
tion  of  the  kemel  of  wheat  and  other  grains  are  extremely 
well  adapted  to  serve  as  stored  food,  but  on  account  of 
their  insoluble  nature  are  quite  unfit  to  circulate  througli 
the  tissues  of  the  plant.  The  various  kinds  of  sugar  are 
not  well  adapted  for  storage,  since  they  ferment  easily  in 
the  presence  of  warmth  and  moisture  if  yeastrcells  or 
suitable  kinds  of  bacteria  are  present. 

Two  important  differences  between  starch-making  in 
the  green  parts  of  plants  and  the  non-constructive  or  the 
I  destructive  type  of  metabolism  should  be  caref ully  noticed. 
These  latter  kinds  of  metabolism  go  on  in  the  dark  as 
well  as  in  the  light  and  do  not  add  to  the  total  weigiht 
of  the  plant. 

185.  Ezcretion  of  Water  and  Respiration.  —  Enough  lias 
been  said  in  Seet.  174  conceming  the  former  of  these  pro- 
cesses.  Respiration^  or  breathing  in  oxygen  and  giving 
off  carbonic  acid  gas,  is  an  Operation  which  goes  on  con- 
stantly  in  plants,  as  it  does  in  animals,  and  is  necessary  to 
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their  life.  For,  like  animals,  plants  get  the  energy  with 
which  they  do  the  work  of  assimilation,  growth,  reproduo- 
tion,  and  performing  their  movements  from  the  oxidation 
of  such  combustible  substances  as  oll,  starch,  and  sugar.^ 

The  amoont  of  oxy- 
gen  absorbed  and  of  cat- 
bonic  acid  given  off  is, 
however,  so  trifling  com- 
pared  with  the  amount 
of  each  gas  passing  in 
the  opposite  direction, 
while  starch-making  is 
going  on  in  sunlight, 
that  under  such  circum- 
stances  it  is  difficult  to 
observe  the  occurrence 
of  respiration.  In  ordi- 
nary  leafy  plants  the 
leaves  (through  their 
stomata)  are  the  principal  organs  for  absorption  of  air,  but 
«luch  air  passes  into  the  plant  through  the  lenticels  of 
the  bark. 

In  partly  submerged  aquatics  especial  provisions  are 
found  for  carrying  the  air  absorbed  by  the  leaves  down  to 
the  submerged  parts.  This  is  accomplished  in  pond  lilies 
by  ventilating  tubes  which  traverse  the  leaf-stalks  length- 
wise.  In  many  cases  such  Channels  run  up  and  down  the 
Stern  (Fig.  124). 

1  The  necessity  of  an  air  snpply  about  the  roots  of  the  plant  may  be  shown 
by  fiUing  the  pot  or  jar  in  which  the  hydrangea  was  grown  for  the  transpi- 
ration  ezperiment  perfectly  fall  of  water  and  noting  the  subsequent  appear- 
ance  of  the  plant  at  periods  twelve  to  twenty-four  hoare  apart. 


Piot  124.  —  Crosa-Section  of  Stem  of  Mareetail 
{Hippuris)  with  Alr-Paasage«,  a. 
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187.  The  Fall  of  the  Leaf .  —  In  the  tropics  trees  retain 
most  ef  their  leaves  the  year  round ;  a  leaf  occasionallj 
falls,  but  no  considerable  portion  of  them  drops  at  any 
one  season.^  The  same  Statement  holds  true  in  regard  to 
OOP  cone-bearing  evergreen  trees,  such  as  pines,  spruces, 
and  the  like.  But  the  impossibility  of  absorbing  soil-water 
when  the  ground  is  at  or  near  the  freezing  temperature 
(Exp.  XVII)  would  cause  the  death,  by  drying  up,  of 
trees  with  broad  leafnsurfaces  in  a  noilhem  winter.  And 
in  countries  where  there  is  much  snowfall,  most  broad- 
leafed  trees  could  not  escape  injury  to  their  branches  from 
overloading  with  snow,  except  by  encountering  winter 
storms  in  as  close-reefed  a  condition  as  possible.  For 
such  reasons  our  common  shrubs  and  forest  trees  (except  ' 
the  cone-bearing,  narrow-leafed  ones  already  mentioned)  ' 
are  mosüy  decidtums^  that  is  they  shed  their  leaves  at  the 
approach  of  winter. 

The  fall  of  the  leaf  is  preceded  by  important  changes 
in  the  contents  of  its  cells. 

EXPERIMENT   XXXVH 

Does  the  Leaf  yary  in  its  Starch  Contents  at  Different  Seasona  ? 

Collect  in  early  summer  some  leaves  of  several  kinds  of  trees  and 
shmbs  and  presenre  them  in  alcohol.  Collect  others  as  they  are 
beginning  to  drop  from  the  trees  in  autumn  and  preserve  them  in 
the  same  way.  Test  some  of  each  lot  for  starch  as  described  in 
Sect  181. 

What  does  the  result  indicate? 

Much  of  the  sugary  and  protoplasmic  contents  of  the 
leaf  disappears  before  it  falls.     These  valuable  materials 

1  Except  where  there  is  a  severe  dry  season. 
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have  been  absorbed  by  the  branches  and  roots^  to  be  used 
again  the  following  spring. 

The  Separation  of  the  leaf  from  the  twig  is  accomplished 
by  the  formation  of  a  layer  of  cork  cells  across  the  base  of 
the  petiole  in  such  a  way  that  the  latter  finally  breaks  off 
across  the  surface  of  the  layer.  A  waterproof  scar  is  thus 
already  formed  before  the  removal  of  the  leaf,  and  there  is 
no  waste  of  sap  dripping  from  the  wound  where  the  leaf- 
stalk  has  been  removed,  and  no  chance  for  moiilds  to 
attack  the  bark  or  wood  and  cause  it  to  decay.  In  Com- 
pound leaves  each  leaflet  may  become  separated  from  the 
petiole,  as  is  notably  the  case  with  the  horse-chestnut  leaf 
(Fig.  102).  In  Woody  monocotyledons,  such  as  pahns,  the 
leaf-stalks  do  not  commonly  break  squarely  off  at  the  base, 
but  wither  and  leave  projecting  stumps  on  the  stem 
(Plate  VI). 

The  brilliant  coloration,  yellow,  scarlet,  deep  red,  and 
purple,  of  autumn  leaves  is  popularly  but  wrongly  sup- 
posed  to  be  due  to  the  action  of  frost.  It  depends  merely 
on  the  changes  in  the  Chlorophyll  grains  and  the  liquid 
cell-contents  that  accompany  the  withdrawal  of  the  proteid 
material  from'  the  tissues  of  the  leaf.  The  Chlorophyll 
tums  into  a  yellow  insoluble  substance  after  the  valuable 
materials  which  accompany  it  have  been  taken  away,  and 
the  cell  sap  at  the  same  time  may  tum  red.  Frost  per- 
haps  hastens  the  break-up  of  the  Chlorophyll,  but  individual 
trees  often  show  bright  colors  long  before  the  first  frost, 
and  in  very  warm  autumns  most  of  the  changes  in  the  foli- 
age  may  come  about  before  there  has  been  any  frost. 

188.   Tabular  Review  of  Experiments. 
[Continue  the  table  from  Sect.  128.] 


1'late   vi.  —  Fan  Palms 
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189.   Reriew  Snmmary  of  Hinote  Stnictuxe  of  LeaTes.^ 

General  stmcture,  distribution  of 

parenchyma,  andprosenchyma 
Layers  of  tissue  seen  on  a  cross-       . 

section 

Stmcture  of  epidermis 
Structure  of  stomata    . 
Distribution  of  stomata 
Structure  and    distribution   of 

Chlorophyll  bodies    .... 


190.   Review  Sunmaiy  of  Functions  of  LeaTes. 


Principal  uses  of ^ 


fibro-vascular  bundles 
epidermis  .  .  . 
stomata  .  .  . 
air  Spaces  .  .  . 
palisade-cells  .  . 
spongy  parenchyma 
waxy  coating .  . 
hairs     .... 


Substances  received  by  the  leaf  .     .     . 

Snbstances  manufactured  by  the  leaf  . 

Substances  giyen  off  by  the  leaf      .     . 

Mineral  substances  accumulated  in  the  leaf 
Statistics  in  regard  to  transpiration    .     . 
Statistics  in  regard  to  starch-making  .     . 


{from  the  air  . 
from  the  soil . 


C 


into  the  air     . 
into  the  stem 


1  Xllustnite  with  Sketches  and  diagrams. 


CHAPTER   XII 
PROTOPLASM    AND    ITS    PROPERTIES 

191.  The  Cell  in  its  Simplest  Form.  —  Sufficient  has 
been  said  in  the  preceding  chapters,  and  enough  tissues 
have  been  microscopically  studied,  to  make  it  pretty  clear 
what  vegetable  cells,  as  they  occur  in  flowering  plants, 
are  like.  In  Chapter  XI,  leaf-cells  have  been  taken  for 
granted  and  their  work  described  in  some  detail.  Before 
going  further,  it  is  worth  while  to  consider  the  strueture 
of  an  individual  cell,  and  to  see  of  what  kinds  of  activity 
it  is  capable. 

In  studying  the  minute  anatomy  of  bark,  wood,  pith, 
and  other  tissues  the  attention  is  often  directed  to  the 
cell-^all  without  much  regard  to  the  nature  of  the  cellr- 
Contents.  Yet  the  cell-wall  is  not  the  cell,  any  more  than 
the  lobster  shell  or  the  crayfish  shell  is  the  lobßter  or  the 
crayfish.  The  contained  protoplasm  tvith  its  nucleus  is  the 
cell}  The  cell  reduced  to  its  lowest  terms  need  not  have 
a  cell-wall,  but  may  consist  simply  of  a  mass  of  proto 
plasm,  usually  containing  a  portion  of  denser  consistency 
than  the  main  bulk,  known  as  the  nucleus. 

Such  cells,  without  a  cell-wall,  are  not  common  in  the  vege- 
table World,  but  are  frequently  encountered  among  animals. 

192.  The  Slime  Houlds.^  —  One  of  the  best  examples  of 
masses  of  naked  protoplasm  leading  an  individual  existence 

1  See  Kemer  and  Oliver's  Natural  History  of  Planta,  Vol.  I,  pp.  21-ßl. 
s  Strasbnrger,  Noll,  Schenk,  and  Schimper's  Text-Book  o/Botany,  pp.  60-^2 
and  302-305. 
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is  found  in  the  slime  moulds,  which  live  upon  rotten  tan 
bark,  decaying  wood,  and  so  on.  These  curious  organ- 
isms  have  so  many  of  the  characteristics  both  of  animals 
and  of  plants  that  they  have  been  described  in  zoölogies 
under  the  former  title  and  in  botanies  ander  the  latter 
one.  Perhaps  it  would  not  really  be  so  absurd  a  State- 
ment as  it  might  seem,  to  say  that  every  slime  mould  leads 
the  lif  e  of  an  animal  during  one  period  of  its  existence  and 
of  a  plant  at  another  period.  At  any  rate,  whatever  their 
true  nature,  these  little  masses  of  unenclosed  protoplasm 
illustrate  admirably  some  of  the  most  important  properties 
of  protoplasm.  Slime  moulds  spring  from  minute  bodies 
called  »pores  (Fig.  125,  a)  which  differ  from  the  seeds  of 
seed-plants  not  only  in  their  microscopic  size  but  still 
more  in  their  lack  of  an  embryo.  The  spores  of  slime 
moulds  are  capable,  when  kept  dry,  of  preserving  for 
many  years  their  power  of  germination,  but  in  the  pres- 
encQ  of  moisture  and  warmth  they  will  germinate  as  soon 
as  they  are  scattered.  During  the  process  of  germination 
the  spore  swells,  as  shown  at  i,  and  then  bursts,  discharging 
its  protoplasmic  contents,  as  seen  at  c  and  d,  This  in  a 
few  minutes  lengthens  out  and  produces  at  one  end  a  haiiv 
like  eilium^  as  shown  at  e,/,  g.  These  ciliated  bodies  are 
called  9warmspore9^  from  their  power  of  swimming  freely 
about  by  the  vibrating  motion  of  the  cilia.  Every  swarm- 
spore  has  at  its  ciliated  end  a  niicletcs^  and  at  the  other  end 
a  bubble-like  object  which  gradually  expands,  quickly  dis- 
appears,  and  then  again  expands.  This  contractile  vacuole 
is  commonly  met  with  in  animalcules,  and  increases  the 
likeness  between  the  slime  moulds  and  many  lüicroscopic 
animals.     The  next  change  of  the  swarmspores  is  into  an 
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Amcßbaform  (so  called  froin  one  of  the  most  interesting  and 
simplest  of  animals,  the  Amoeba^  found  on  the  surface  of 


Fio.  125.  —  A  Slime  Mould.    (o-m,  IncloBiye,  x  640  times,  n  x  90  tlmes.) 

mud  and  the  leaves  of  water  plant«).  In  this  condition, 
as  shown  at  A,  i,  i,  the  spores  creep  about  over  the  sur- 
face of   the  deca3ring   vegetable   material  on  which   the 
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slime  moulds  live.  Their  movement  is  caused  by  a  thrust- 
ing  out  of  the  semi-liquid  protoplasm  on  one  side  of  the 
mass,  and  a  withdrawal  of  its  substance  from  the  other 
side.  At  length  many  amoebarshaped  bodies  unite,  as  at  Z, 
to  form  a  larger  mass,  m^  which  finally  increases  to  the 
protoplasmic  network  shown  at  n.  This  eventually  col- 
lects  into  a  roundish  or  egg-shaped  firm  body,  inside  of 
which  a  new  crop  of  spores  is  produced.  It  is  not  easy  to 
trace  the  manner  in  which  the  nourishment  of  these  simple 
plants  is  taken.  Probably  they  absorb  it  from  the  decay- 
ing  matter  upon  which  they  live  during  their  amceba-like 
period^  and  after  they  have  f ormed  the  larger  masses^  n. 
193.  Characteristics  of  Livlng  Protoplasm.^  —  The  behav- 
ior  of  the  slime  moulds  dui'ing  their  growth  and  transfor- 
mations,  as  just  outlined,  affords  a  fair  ide»  of  several  of 
the  remarkable  powers  which  belong  to  living  protoplasm, 
which  have  been  summed  up  as  f oUows : 

(1)  The  power  to  take  up  new  material  into  its  own 
substance  {aelective  absorptian).  This  is  not  merely  a  proc- 
ess  of  soaking  up  liquids,  such  as  occurs  when  dry  earth 
or  a  sponge  is  moistened.  The  protoplasmic  lining  of  a 
root-hair,  for  example,  selects  from  the  soil-water  some 
substances  and  rejects  others  (Sect.  65). 

(2)  The  ability  to  change  certain  substances  into  others 
of  different  chemical  composition  (metabolism^  Sect.  176). 
Carbon  dioxide  and  water,  losing  some  oxygen  in  the 
process,  are  combined  into  starch;  starch  is  changed  into 
various  kinds  of  sugar  and  these  back  into  starch  again ; 
starch  becomes  converted  into  vegetable  acids,  into  cellu- 
lose,  or  into  oil ;  or  the  Clements  of  starch  are  combined 

1  See  Hnxley'B  Essays,  Vol.  I,  essay  on  "  The  Physical  Basis  of  Life." 
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with  nitrogen  to  make  various  proteid  Compounds,  either 
for  immediate  use  or  for  reserve  food.  Manj  other  com- 
plicated  transformations  occur. 

(8)  The  power  to  cast  off  waste  or  used-up  material 
(ezcretion).  Getting  rid  of  surplus  water  (Sect.  174)  and 
o£  oxygen  (Sect.  178)  constitutes  a  very  large  part  of  the 
excretory  work  of  plant». 

(4)  The  capacity  for  growth  and  the  production  of  off- 
spring (reprodiietion).  These  are  especially  characteristic 
of  living  protoplasm.  It  is  tnie  that  non-living  ohjecte 
may  grow  in  a  certain  sense,  as  an  icicle  or  a  crystal  of 
Salt  or  of  alum  in  a  Solution  of  its  own  material  does. 
But  growth  by  the  process  of  taking  suitable  particles 
into  the  interior  of  the  growing  substance  and  arranging 
them  into  an  orderly  structure  (Fig.  126)  is  possible  only 
in  the  case  of  live  protoplasm. 

(5)  The  possession  of  the  power  of  originating  move- 
ments  not  whoUy  and  directly  caused  by  any  extemal 
Impulse  (automatic  movements).  Such,  for  instance,  are 
the  lashing  movements  of  the  cilia  of  the  swarmspores 
of  slime  moulds,  or  the  slow  pendulum  movements  of 
Oscillatoria  (Sect.  269),  or  the  slow  vibrating  movements 
of  the  stipules  of  the  "telegraph  plant"  {Desmodium)^ 
not  uncommon  in  greenhouses. 

(6)  The  power  of  shrinking  or  closing  up  {contractility). 
This  is  illustrated  by  the  action  of  the  contractile  vacuole 
of  the  slime  moulds  and  of  many  animalciües  and  by  all 
the  muscular  movements  of  animals. 

(7)  Sensitiveness  when  touched  or  otherwise  disturbed, 
for  instance,  by  a  change  of  light  or  of  temperature 
{irritabüity). 
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194.   Nature  and  Occurrence  of  Irritability  in  Planta.^  — 

Mention  has  already  been  made  of  the  fact  that  certain 
parts  of  plants  respond  to  snitable  stirmdi  that  is  exciting 


Fio.  126.  —  Protoplasm  in  Orule  and  Fruit  of  Snowberry  (Symphoricarpua 

racemosus). 

A,  cells  from  ovnle,  x  340 ;  JB,  oells  from  an  orule  further  developed,  x  340 ;  C,  D, 

oellfl  from  polp  of  fruit,  x  HO ;  n,  nucleus  ;  p,  protoplasm ;  «,  cell-flap. 
In  the  young  and  rapidly  growing  cell«,  A  and  B^  the  cell-sap  is  not  present,  or 

present  only  in  small  qnantities,  while  in  the  older  cells,  C  and  Z>,  it  occupies 

a  large  portion  of  the  intertor  of  the  cell. 

causes.     Geotropic  movements  (Sect.  70)  are  due  to  the 
stimulating    effect    of   gravitation    on    roots    or    shoots. 

1  See  Strasblirfrer,  NoU,  Schenk,  and  Schimper's  Text-Book  qf  Botany, 
pp.  lGO-162  and  269-274. 
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These  movementfi  are  due  to  unequal  growth  induced  in 
the  younger  portions  of  the  plant  bj  the  action  of  gravi- 
tation  upon  it.  Other  movements  (of 
ordinary  foliage  leaves,  of  the  floral  leaves 
of  many  flowgrs,  and  of  other  parts  of  a 
few  flowers)  are  produced  by  changes  in 
the  distention  or  turge%cence  of  some  of  the 
cells  in  the  organs  which  move  and  have 
nothing  to  do  with  growth.  The  closing 
of  the  leaves  of  insect-catching  plants  is 
briefly  described  in  Sect.  410,  and  the 
"sleep"  of  leaves,  due  to  movements  of 
the  pulvini,  was  described  in  Sect.  152. 
A  few  facts  in  regard  to  the  opening  and 
closing  of  flowers  will  be  found  in 
Sect.  440. 

The  Stimuli  which  cause  movements  of 
leaves  or  of  the  irritable  parts  of  flowers 
are  of  several  kinds.  Light  is  the  main 
cause  which  induces  leaves  to  open  from 
their  night  position  to  that  usual  in  the 
daytime.  In  the  case  of  flowers,  it  is 
sometimes  light  and  sometimes  warmth 
pio.  i27.-.stiiiging  which  causcs  them  to  open.    Leaves  which 

HairofNettle,with  ...  ,  11,1 

Nucieus.   (Much  catch  msccts  may  be  made  to   close   by 
"""^^r^!,.^?""  touching   them,  but   the  sensitive-plants, 

row8  Show  the  direc-  o  '  r  '> 

tionof  thecurrentB   of  which  thcrc  are  several  kinds  found  in 
epro  pasm.     ^^^  United  States,  and  a  much  more  sensi- 
tive one  in  tropical  America,  all  fold  their  leaflets,  on 
being  touched,  into  the  same  position  which  they  assume 
at  night. 
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195.  Circulation  of  Protoplasm.  —  When  confined  bj  a 
cell-wall,  protoplasm  of ten  manifests  a  beautiful  and  con- 
stant  rotating  movement,  traveling  incessantly  up  one 
aide  of  the  cell  and  down  the  other.^  A  more  complicated 
motion  is  the  circulatian  of  protoplasm^  shown  in  cells  of 
the  jointed  blue  hairs  in  the  flower  of  the  common  spider- 
wort  and  in  the  stinging  hairs  of  the  nettle  (Fig.  127). 
The  thin  cell- wall  of  each  hair  is  lined  with  a  protoplasmic 
layer  in  which  are  seen  many  irrfegular,  thread-like  cur- 
rents,  marked  by  the  movements  of  the  granules,  of  which 
the  protoplasmic  layer  is  fnll. 

1  See  Huzley  and  Martinas  Elementary  Biohgy,  ander  Cfutra. 


CHAPTER    XIII 

INFLORESCENCE,   OR   ARRANGEMENT   OF   FLOWERS 
ON   THE   STEH 


196.  Regulär  Positions  f or  Flower-Buds.  —  Flower-buds, 
like  leaf-buds,  occur  regularly  either  in  the  axils  of  leaves 
or  at  the  end  of  the  stem  or  branch  and  are  therefore 
either  axillary  or  terminal. 

197.  Axillary  and  Solitary  Flowers;  Indeterminate 
Inflorescence.  —  The   simplest    possible    arrangement   for 

flowei-s  which  arise  from  the  axils  of 
leaves  is  to  have  a  single  flower  spring 
from  each  leaf-axil.  Fig.  128  shows 
how  this  plan  appears  in  a  plant  with 
opposite  leaves.  As  long  as  the  stem 
continues  to  grow,  the  produetion  of  new 
leaves  may  be  foUowed  by  that  of  new 


Fio.  128.— Axillary  and 
Solitary  Flowera  of 
Pimpemel. 


Fio.  129.  —  Raceme   of 
Common  Red  Currant. 
p,  peduncle  ;  p\  pedioel ;  frr,  bnot. 


flowers.  Since  there  is  no  definite  limit  to  the  number 
of  flowers  which  may  appear  in  this  way,  the  mode  of 
flowering  just  described  (with  many  others  of  the  same 
Teneral  character)  is  known  as  indeterminate  inflorescence. 

188 


ARRANGEMENT   OF  FLOWERS  ON  THE   STEM       187 


Fkj.  130.— Simple  ümbel  of  Clierry. 


198.   The  Racemes  and  Related  Forms.  —  If  the  leaves 

along  the  stein  were  to  become  very  much  dwarf ed  and  the 

flowers  brought  closer  together, 
as  they  frequently  are,  a  kind 
of  flower-cluster  like  that  of  the 
currant  (Fig.  129)  or  the  lily- 
of-the-valley  would  result.  Such 
an  inflorescence  is  called  a  ra- 
eeme;  the  main  flower-stalk  is 
known  as  the  peduncle  ;  the  little 
individual  flower-^talks  are  pedi- 
ceU,  and  the  small,  more  or 
less  Scale -like  leaves  of  the 
peduncle  are  bracU} 
Frequently   the   lower    pedicels   of   a   Cluster   on   the 

genei-äl  plan  of  the  raceme  are  longer  than  the  upper 

ones  and   make  a  some- 

what  flat-topped  Cluster, 

like  that  of  the  hawthorn,  M] 

the  sheep  laurel,  or  the  ^ 

tnimpet  creeper.      This 

is  called  a  coryrnh. 
In  many  cases,  for  ex- 

ample  the   parsnip,   the 

Sweet   Cicely,   the   gin- 

seng,  and  the  cherry,  a,  A  B 

grOUp    of    pedicels    of  Fm.  ISl.  — Catkinsof  wniow. 

nearly     equal     length       y|,  staminate  flowers  ;  Ä,  pistUlate  flower«. 


1  It  Iä  hardly  nocessary  to  say  that  the  teacher  will  find  it  better  in  every 
way,  if  material  is  abnndant,  to  begin  the  study  of  tlower-clusters  with  the 
ezaminatiou  of  typical  specimens  by  the  elass. 
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spring   from   about  the   same   point.      This   produces   a 
flower-cluster  called  the  umbel  (Fig.  130). 

199.  Sessile  Flowers  and  Flower-Clusters.  —  Often  the 
pedicels  are  wanting,  or  the  flowers  are  sessile,  and  theu 
a  modification  of  the  raceme  is  produced  which  is  called 
a  spike^  like  that  of  the  plantain  (Fig.  132).  The 
willow,  alder,  birch,  poplar,  and  many  other  common 
trees  bear  a  short,  flexible,  rather  scaly  spike  (Fig. 
131),  which  18  called  a  catkin. 

The  peduncle  of  a  spike  is  often  so  much  short- 
ened  as  to  bring  the  flowers  into  a  somewhat  globu- 
lar  mass.  This  is  called  a  head  (Fig.  132).  Around 
the  base  of  the  head  usually 
occurs  a  circle  of  bracts  known 
as  the  involucre,  The  same 
name  is  given  to  a  set  of  bracts 
which  often  Surround  the  bases 
of  the  pedicels  in  an  umbel. 

200.  The  Composite  Head. — 
The  plants  of  one  large  group, 
of  which  the  dandelion,  the 
daisy,  the  thistle,  and  the  sun- 
flower  are  well-known  members,  bear  their  flowers  in 
close  involucrate  heads  on  a  common  receptacle.  The 
whole  Cluster  looks  so  much  like  a  single  flower  that  it  is 
usually  taken  for  one  by  non-botanical  people.  In  many 
of  the  largest  and  most  showy  heads,  like  that  of  the 
sunflower  and  the  daisy,  there  are  two  kinds  of  flowers, 
the  rat/'ßawera^  around  the  margin,  and  the  tubulär  dwi- 
flowera  of  the  interior  of  the  head  (Fig.  133).  The  early 
botanists  supposed  the  whole  flower-cluster  to  be  a  single 


Fio.  132.  —  Spike  of  Plantain  and 
Head  of  Bed  Clover. 
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Fio.  133.  — Head  of  Yarrow. 

Af  top  Tiew.  (Magnifled.)  J3,  lengthiylse  section.  (Magnifled.)  re,  receptacle ;  i, 
tnyolucre ;  r,  ray-flowen ;  d^  disk-flowers  ;  c,  coroUa ;  «,  Stigma ;  ch,  ohaff , 
or  iMracts  of  receptacle. 


Fio. 134. 
Panlcle  of  Oat. 


Fio.  136.  —  CJompound  Umbel 
of  Carrot. 
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Compound  flower.  This  belief  gave  rise  to  the  name  of 
one  family  of  plants,  Compositoe^  that  is,  plants  with  Com- 
pound flowers.  In  such  heads  as  those  of  the  thistle,  the 
cud  weed,  and  the  everlasting  there  are  no  ray-flowers, 
and  in  others,  like  those  of  the  dandelion  and  the  chicory, 
all  the  flowers  are  ray-flowers. 

201.    Compound  Flower-Clusters.  —  If  the  pedicels  of  a 
raceme  brauch,  they  may  produce  a  Compound  raceme,  or 


B  c  äE 

Fio.  136.  — Diagramm  of  Inflorescence. 
A,  panicle ;  B,  raceme ;  C,  spike ;  i),  umbel ;  E^  head. 

panicle,  like  that  of  the  oat  (Fig.  134).^  Other  forma  of 
Compound  racemes  have  received  other  names. 

An  umbel  may  become  Compound  by  the  branching  of 
its  flower-«talks  (Fig.  135),  each  of  which  then  bears  a 
little  umbel,  an  umbelleL 

202.  Inflorescence  Diagrams.  —  The  plan  of  inflorescence 
may  readily  be  indicated  by  diagrams  like  those  of  Fig.  136. 

The  Student  should  construct  such  diagrams  for  some  rather  com- 
plicated  flower-clustei  s,  like  those  of  the  grape,  horse-chestnut  or 
buckeye,  hardhack,  vervain,  or  many  grasses. 

1  Panicles  may  also  be  formed  by  Compound  cymes  (see  Sect.  204). 
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203.  Terminal   Flowers;    Determinate  Inflorescence. — 

The  terminal  bud  of  a  stem  may  be  a  flower-bud.  In  this 
case  the  direet  growth  of  the  stem  is  stopped  or  deter- 
mined  by  the  appearance  of  the  flower ;  hence  such  plants 
are  said  to  have  a  determinate  infloreacence.  The  simplest 
possible  case  of  this  kind  is  that 
in  which  the  stem  bears  but  one 
flower  at  its  summit. 

204.  TheCyme. — Veryoften 
flowers  appear  f rom  lateral  (axil- 
lary)  buds,  below  the  terminal 
flower,  and  thus  give  rise  to  a 
flower-cluster  called  a  ci/me. 
This  may  have  only  three  flowers, 
and  in  that  case  would  look  very 
much  like  a  three-flowered 
umbel.  But  in  the  raceme, 
corymb,  and  umbel  the  order  of 
flowering  is  from  below  upward, 
or  from  the  outside  of  the  düs- 
ter inward,  because  the  lowest  or  the  outermost  flowers 
are  the  oldest,  while  in  determinate  forms  of  inflorescence 
the  central  flower  is  the  oldest,  and  therefore  the  order  of 
blossoming  is  irom  the  center  outwards.  Cymes  are  very 
commonly  Compound,  like  those  of  the  eider  and  of  many 
plants  of  the  pink  family,  such  as  the  Sweet  William  and 
the  mouse-ear  chickweed  (Fig.  137).  They  may  also,  as 
already  mentioned,  be  panicled,  thus  making  a  Cluster 
much  like  Fig.  136,  A. 


Fio.  137.  —  Compound  Cyme  of 

MouBe-Ear  Chickweed. 
r,  the  terminal  (oldest)  flower. 


CHAPTER   XIV 
THE   STUDY  OF   TYPICAL  FLOWERS 

(Only  one  of  the  three  flowers  described  to  be  studied  by  aid  of  these 
directlons.) 

205.  The  Flower  of  the  Trillium.  —  Cut  off  the  flower^talk  rather 
cloBe  to  the  flower;  stand  the  latter,  face  down,  on  the  table,  and 
draw  the  parts  then  shown.  Label  the  green  leaf-like  parte  sepaUy 
and  the  white  parts,  which  altern  ate  with  these,  petaU,  Turn  the 
flower  face  up,  and  make  another  sketch,  labeling  the  parts  as  before, 
together  with  the  yellow  enlarged  extremities  or  anthers  of  the  stalked 
Organs  called  stamens. 

Not©  and  describe  the  way  in  which  the  petals  alternate  with  the 
sepals.  Observe  the  arrangement  of  the  edges  of  the  petals  toward 
the  base,  —  how  many  with  both  edges  outside  the  others,  how  many 
with  both  edges  Inside,  how  many  with  one  edge  in  and  one  out. 

Note  th£  veining  of  both  sepals  and  petals,  more  distinct  in 
which  set?^ 

Pull  off  a  sepal  and  make  a  sketch  of  it,  natural  size  ;  then  reniove 
a  petal,  flatten  it  out,  and  sketch  it,  natural  size. 

Observe  that  the  flower-stalk  is  enlarged  slightly  at  the  Upper  end 
into  a  rounded  portion,  the  receptacUf  on  which  sM.  the  parts  of  the 
flower  rest. 

Note  how  the  six  stamens  arise  from  the  receptacle  and  their 
relations  to  the  origins  of  the  petals.     Remove  the  remaining  petals 

1  In  flowers  with  delicate  white  petals  the  distribution  of  the  fibro-vaacnlar 
bundles  in  these  can  usually  be  readily  shown  by  Standing  the  freshly  cut  end 
of  the  peduncle  in  red  ink  for  a  short  time,  uutil  colored  veins  begin  to  appear 
in  the  petals.  The  experiment  succeeds  readily  with  apple,  cherry,  or  plam 
bloBSoms ;  with  white  gilliflower  the  coloration  is  vcry  prompt.  lily-of-tb©- 
Valley  is  perhaps  as  interesting  a  flower  as  any  on  which  to  try  the  experi- 
ment, since  the  well-defined  stained  stripes  are  separated  by  portions  qoite 
free  from  stain,  and  the  pfstils  are  also  colored. 
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(cutting  them  off  near  the  bottom  with  a  knife),  and  sketch  the  sta- 
mens,  together  with  the  other  object,  the  püstil,  which  Stands  in  the 
Center. 

Cut  off  one  stamen,  and  sketch  it  as  seen  through  the  roagnifying 
glass.  Notice  that  it  consists  of  a  greenish  stalk,  the  ßlament,  and 
a  broader  portion,  the  anther  (Fig.  149).  Tlie  latter  is  easily  seen 
to  contaiu  a  Prolongation  of  the  green  iilament,  nearly  surrounded 
by  a  yellow  substance.  In  the  bud  it  will  be  found  that  the  anther 
consists  of  two  long  pouches  or  anther-celU^  which  are  attached  by 
their  whole  length  to  the  filament,  and  face  in  ward  (towards  the 
center  of  the  flower).  When  the  flower  is  fairly  open,  the  aiither- 
cells  bave  already  split  down  their  margius,  and  are  discharging  a 
yellow,  Bomewhat  sticky  powder,  the  pollen, 

Exaniine  one  of  the  anthers  with  the  microscope,  using  the  two- 
inch  objective,  and  sketch  it. 

Cut  away  all  the  stainens,  and  sketch  the  pistiL  It  consists  of  a 
stout  lower  portion,  the  ovary,  which  is  six-ridged  or  angled,  and 
which  bears  at  its  summit  three  slender  Stigmas, 

In  another  flower,  which  has  begun  to  wither  (and  in  which  the 
ovary  is  larger  than  in  a  newly  opened  flower),  cut  the  ovary  across 
about  the  middle,  and  try  to  make  out  with  the  magnifving  glass 
the  nunober  of  Chambers  or  cells  which  it  contains.  Examine  the 
cross-section  with  the  two-inch  objective ;  sketch  it,  and  note  partic- 
ularly  the  appearance  and  mode  of  attachment  of  the  undevelof)ed 
seeds  or  ovtdes  with  which  it  is  flUed.  Make  a  vertical  section  of 
another  rather  mature  ovary,  and  examine  this  in  the  same  way. 

Using  a  fresh  flowei*,  construct  a  diag^am  to  show  the  relation  of 
the  parts  on  an  imaginary  cross-section,  as  illustrated  in  Fig.  157.^ 
Construct  a  diagram  of  a  longitudinal  section  of  the  flower,  on  the 
general  plan  of  those  in  Fig.  155,  but  showin g  the  contents  of  the 
ovary. 

Make  a  tabular  list  of  the  parts  of  the  flower,  beginning  with  the 
sepals,  giving  the  order  of  parts  and  number  in  each  set. 

1  It  is  important  to  notice  that  such  a  diagram  is  not  a  picture  of  the  section 
actually  produced  hy  cutting  through  the  flower  crosswise  at  any  one  level, 
bat  that  it  is  rather  a  projection  of  the  sections  through  the  most  typical  part 
of  each  of  the  floral  organs. 
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206.  Tbe  Flower  Of  the  Tnlip.^  —  Make  a  diagram  of  a  side  view 
of  the  well-opened  flower,  as  it  appears  when  standing  in  sunlight. 
Observe  that  there  is  a  set  of  outer  flower-leaves  and  a  set  of  inner 
ones.^  Label  the  outer  set  sepcUa  and  the  inner  set  petah.  In  most 
flowers  the  parts  of  the  outer  set  are  greenish,  and  those  of  the  inner 
set  of  some  other  color.  It  is  often  convenient  to  use  the  name 
perianth,  rneaning  around  the  flower,  for  the  two  sets  taken  together. 
Note  the  white  waxy  bloom  on  the  outer  surface  of  the  outer  Seg- 
ments of  the  perianth.  What  is  the  use  of  this  ?  Note  the  manner 
in  which  the  inner  segments  of  the  perianth  arise  from  the  top  of  the 
peduncle  and  their  relation  to  the  points  of  attachment  of  the  outer 
Segments.  In  a  flower  not  too  widely  opened,  note  the  relative  Posi- 
tion of  the  inner  segments  of  the  perianth,  how  many  wholly  outside 
the  other  two,  how  many  wholly  inside,  how  many  with  one  edge  in 
and  one  edge  out. 

Remove  one  of  the  sepals  by  cutting  it  off  close  to  its  attachment 
to  the  peduncle,  and  examine  the  veining  by  holding  it  up  in  a  strong 
light  and  looking  through  it.  Make  a  sketch  to  show  the  general 
outline  and  the  shape  of  the  tip. 

Examine  a  petal  in  the  same  way,  and  sketch  it. 

Cut  off  the  remaining  portions  of  the  perianth,  leaving  about  a 
quarter  of  an  inch  at  the  base  of  each  segment.  Sketch  the  upright, 
triangulär,  pillar-like  object  in  the  center,  label  it  pistil,  sketch  the 
Organs  which  spring  from  around  its  base,  and  label  these  stamens, 

Note  the  fact  that  each  stamen  arises  from  a  point  just  above  and 
within  the  base  of  a  segment  of  the  perianth.  Each  stamen  consista 
of  a  somewhat  conical  or  awl-shaped  portion  below,  iheßlament,  sur- 
mounted  by  an  ovate  linear  portion,  the  anther,  Sketch  one  of  the 
stamens  about  twice  natural  size  and  label  it  x  2.  Is  the  attach- 
ment of  the  anther  to  the  filament  such  as  to  admit  of  any  nodding 
or  twisting  movement  of  the  former  ?  In  a  young  flower,  note  the 
two  tubulär  pouches  or  anther-cells  of  which  the  anther  is  composed, 
and  the  slits  by  which  these  open.     Observe  the  dark-colored  pollen 

1  TuUpa  Qesneriana.  As  the  flowers  are  rather  expensive,  and  their  parts 
are  large  and  firm,  it  is  not  absolutely  necessary  to  give  a  flower  to  each  popU, 
bot  some  may  be  kept  entire  for  sketching  and  others  dissected  by  the  elaas. 
All  the  flowers  must  be  Single. 

^  Best  Seen  in  a  flower  which  is  jost  opening. 
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which  escapes  from  the  anther-cells  and  adherea  to  paper  or  to  the 
fingere.  Examine  a  newly  opened  anther  with  the  microacope,  using 
the  two-inch  objective,  and  sketch  it. 

Cut  away  all  the  stamens  and  note  the  two  portions  of  the  pistil, 
a  triangulär  prism,  the  ovary^  and  three  roughened  scroU-like  objecta 
at  the  top,  the  three  lobes  of  the  stigma,  Make  a  sketch  of  these 
parts  about  twioe  natural  size,  and  label  them  x  2.  Touch  a  Rmall 
camers-hair  pencil  to  one  of  the  anthers,  and  then  transfer  the  pollen 
thus  removed  to  the  stigma.  This  Operation  is  merely  an  imitation 
of  the  work  done  by  insects  wlüch  visit  the  flowers  out  of  doors. 
Does  the  pollen  cling  readily  to  the  rough  stigmatic  surf ace  ?  Examine 
this  adhering  pollen  with  the  two-inch  objective,  and  sketch  a  few 
grains  of  it,  together  with  the  bit  of  the  stigma  to  which  it  clings. 
Compare  this  drawing  with  Fig.  162.  Make  a  cross-section  of  the 
ovary  about  midway  of  its  length,  and  sketch  the  section  as  seen 
through  the  magnifying  glass.  Label  the  three  Chambers  shown 
ceUs  of  the  ovary  ^  or  loculesy  and  the  white  egg-shaped  objects  within 
ovtdes,* 

Make  a  }ongitudiual  section  of  another  ovary,  taking  pains  to 
secure  a  good  view  of  the  ovules,  and  sketch  as  seen  through  the 
magnifying  glass. 

Making  use  of  the  information  already  gained  and  the  cross- 
aection  of  the  ovary  as  sketched,  construct  a  diagram  of  a  cross- 
section  of  the  entire  flower  on  the  same  general  plan  as  those  shown 
in  Fig.  157.» 

Split  a  flower  lengthwise,*  and  construct  a  longitudinal  section  of 
the  entire  flower  on  the  plan  of  those  shown  in  Fig.  155,  but  showing 
the  Contents  of  the  ovary. 

207.  The  Flower  of  the  Buttercup.  —  Make  a  diagram  of  the 
mature  flower  as  seen*  in  a  side  view,  lookiug  a  little  down  into  it. 
Label  the  pale  greenish-yellow,  hairy,  outermost  parts  sepah,  and 

1  Notice  that  the  word  cell  here  means  a  comparatively  large  cavity,  and  is 
not  nsed  in  the  same  sense  in  which  we  speak  of  a  wood-cell  or  a  pith-cell. 

3  The  section  will  be  more  satisfactory  if  made  from  an  older  flower,  grown 
cot  of  dooni,  from  which  the  perianth  has  fallen.  In  this  case  label  the  con- 
tained  objects  aeeda. 

*  Consult  also  the  footnote  on  p.  193. 

^  One  will  do  for  an  entire  divisioo  oS  the  class. 
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the  larger  bright  yellow  parts  above  and  within  these  petalsj  and 
ihe  yellow-knobbed  parts  which  occupy  a  good  deal  of  the  interior 
of  the  flower  stamens. 

Note  the  difference  in  the  position  of  the  sepals  of  a  newly 
opened  flower  and  that  of  the  sepals  of  a  flower  which  has  opened  as 
widely  as  possible.  Note  the  way  in  which  the  petals  are  arranged 
in  relation  to  the  sepals.  In  an  opening  flower  observe  the  arrange- 
ment  of  the  edges  of  the  petals,  how  many  entirely  outside  the 
others,  how  many  entirely  inside,  how  many  with  one  edge  in  and 
the  other  out. 

Cut  off  a  sepal  and  a  petal,  each  close  to  its  attachment  to  the 
flower ;  place  both,  face  down,  on  a  sheet  of  paper,  and  sketch  about 
twice  the  natural  size  and  label  it  x  2.  Describe  the  difference  in 
appearance  between  the  outer  and  the  inner  surface  of  the  sepal  and 
of  the  petaL     Note  the  little  scale  at  the  base  of  the  petal,  inside. 

Strip  off  all  the  parts  from  a  flower  which  has  lost  its  petals, 
until  nothing  is  left  but  a  slender  conical  object  a  little  more  than 
an  eighth  of  an  inch  in  length.  This  is  the  receptacle  or  summit  of 
the  peduncle. 

In  a  f uUy  opened  flower,  note  the  numerous  yellow-tipped  stamens^ 
each  consisting  of  a  short  stalk,  the  filament,  and  an  enlarged  yellow 
knob  at  the  end,  the  anther,  Note  the  division  of  the  anther  into 
two  portions,  which  appear  from  the  outside  as  parallel  ridges,  bat 
which  are  really  closed  tubes,  the  anther<ells. 

Observe  in  the  interior  of  the  flower  the  somewhat  globular  mass 
(in  a  young  flower  alraost  covered  by  the  stamens).  This  is  a  group 
of  pistils.  Study  one  of  these  groups  in  a  flower  from  which  the 
stamens  have  mostly  fallen  off,  and  make  an  enlarged  sketch  of  the 
head  of  pistils.  Remove  some  of  the  pistils  from  a  mature  head, 
and  sketch  a  single  one  as  seen  with  the  magnifying  glass.  Label 
the  little  knob  or  beak  at  the  upper  end  of  the  pistil  stigma,  and  the 
main  body  of  the  pistil  the  ovary,  Make  a  section  of  one  of  the 
pistils,  parallel  to  the  flattened  surfaces,  like  that  shown  in  Fig.  150> 
and  note  the  partially  matured  seed  within. 


CHAPTER   XV 

PLAN  AND  STRUCTÜRE  OF  THE  FLOWER  AND  ITS 
ORGANS 


208.  Parts  or  Organs  of  the  Flower.  —  Most  showy 
flowers  consist,  like  those  studied  in  the  preceding  chap- 
ter,  of  four  circles  or  sets  of  organs,  the  sepals,  petaLs, 
stamens,  and  pistils.  The  sepals,  taken  together,  consti- 
tute  the  calyx;  the  petals,  taken  together,  constitute  the 
corolla  (Fig.  138)  .^  Some- 
times  it  is  convenient  to  have 
a  Word  to  comprise  both  calyx 
and  corolla ;  for  this  the  term 
perianth  is  used.  A  flower 
which  contains  all  four  of 
these  sets  is  said  to  be  com- 
plete.  Since  the  work  of  the 
flower  is  to  produce  seed,  and 
seed-forming  is  due  to  the 
Cooperation  of  stamens  and 
pistils,  or,  as  they  are.j[)ften 
called  from  their  relation  to  the  reproductive  organs  of 
spore-plants,  microsporophylls  and  macrospoTophylh  (see 
Sect.  374),  these  are  known  as  the  esBential  organs 
(Fig.  138).     The  simplest  possible  pistil  is  a  dwarfed  and 

1  The  flower  of  the  waterleaf  Hydrophyllum  caruidense,  modified  by  the 
Omission  of  the  hairs  on  the  stamens,  is  here  given  because  it  shows  so  plainly 
the  relation  of  the  parts. 
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Fio.  138.  — iTie  Parts  of  the  Flower. 

cal,  calyx  ;  cor,  corolla ;  »/, 

stamens ;  p,  pistil. 
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greatly  modified  leaf  (Sect.  222),  adapted  into  a  seed- 
bearing  organ.  Such  a  pistil  may  be  onenseeded,  as  in 
Fig.  166,  or  several-seeded,  as  in  the  diagrammatic  one 
(Fig.  150) ;  it  is  called  a  carpel.  The  calyx  and  corolla  are 
also  known  as  the  floral  envelopes,  Flowers  which  have 
the  essential  organs  are  called  perfect  flowers.  They  may, 
therefore,  be  perfect  without  being  complete.  Incomplete 
flowers  with  only  one  row  of  parts  in  the 
perianth  are  said  to  be  apetcdous  (Fig.  139). 
209.  Regulär  and  Symmetrical  Flowers. 
—  A  flower  is  regulär  if  all  the  pari»  of 
the  same  set  or  circle  are  alike  in  size  and 
shape,  as  in  the  stonecrop  (Fig.  140).  Such 
flowers  as  that  of  the  violet,  the  monkshood, 
and  the  sweet  pea  (Fig.  141)  are  irregulär. 
SymmetriccU  flowers  are  those  whose  calyx, 
corolla,  circle  of  stamens,  and  set  of 
carpels  consist  each  of  the  same  number  of  parts,  or  in 
which  the  number  in  every  case  is  a  multiple  of  the 
smallest   number  found   in   any  set.     The   stonecrop  is 


Fio.  139.  —  Apetal- 
OU8  Flower  of 
(European)  Wild 
Ginger. 


I  n 

Fio.  140.  — Flower  of  Stonecrop. 
I,  entire  flower  (magnifted) ;  U,  vertical  section  (magnifled). 

symmetrical,  since  it  has  five  sepals,  five  petals,  ten  sta- 
mens, and  five  carpels.     Rose«,  mallows,  and  mignonette 
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are  fatniliar  examples  of  flowers  which  are  unsymmet- 
rical  because  they  have  a  large,  indefinite  number  of 
stamens  ;  the  portulaca  is  unsymmetrical,  since  it  has  two 
divisions  of  the  calyx,  five  or  six  petals,  and  seven  to 
twenty  stamens. 

210.  The  Receptacle.  —  The  parts  of  the  flower  are 
bome  on  an  expansion  of  the  peduncle,  called  the  recep- 
tacle,  Usually,  as  in  the  flower  of  the  grape  (Fig.  250), 
this  is  only  a  slight  enlargement  of  the  peduncle,  but  in 


Fio.  141.  —  Irregulär  C!orolla  of 
Sweet  Fea. 

J,  Bide  yiew ;  fi,  front  yiew  ;  «,  Stand- 
ard ;  va  vot  wlngs ;  it,  keel. 


the  lotus  and  the  magnolia  the  receptacle  is  of  great  size, 
particularly  after  the  petals  have  fallen  and  the  seed  has 
ripened.  The  receptacle  of  the  rose  (Fig.  142)  is  hoUow, 
and  the  pistils  arise  from  its  interior  surface. 

211.  Imperf ect  or  Separated  Flowers.  —  The  stamens 
and  pistils  may  be  produced  in  separate  flowers,  which 
are,  of  course,  imperfect.  This  term  does  not  imply  that 
such  flowers  do  their  work  any  less  perfectly  than  others, 
but  only  that  they  have  not  both  kinds  of  essential  organs. 
In  the  very  simple  imperfect  flowers  of  the  willow  (Fig. 
148)  each  flower  of  the  catkin  (Fig.  131)  consists  merely 
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of  a  pistil  or  a  group  of  (usually  two)  stamens,  springing 
from  the  axil  of  a  small  bract. 

Staminate  and  pistillate  flowers  may  be  bome  on  diflfer- 
ent  plants,  as  they  are  iu  the  willow,  or  they  may  be 
bome  on  the  same  plant,  as  in  the  hickory  and  the  hazel, 
among  trees,  or  in  the  castor-oil  plant,  Indian  com,  and 
the  begonias.  When  staminate  and  pistillate  flowers  are 
borne  on  separate  plants,  such  a  plant  is  said  to  be 
dioBcious^  that  is,  of  two  households ;  when  both  kinds  of 
flower  appear  on  the  same  individual,  the  plant  is  said 
to  be  manoecioy-Sj  that  is,  of  one  household. 

212.  Study  of  Imperfect  Flowers.  —  Examine,  draw,  and  describe 
the  imperfect  flowers  of  some  of  the  following  dioecious  plants  and 
one  of  the  mouoecious  plants :  ^ 

{early  meadow  rue. 
willow. 
poplar. 

{walnut,  oak,  chestnut. 
hickory,  alder,  beech. 
birch,  hazel,  begonia. 

213.  Union  of  Similar  Parts  of  the  Perianth The 

sepaLj  may  appear  to  join  or  cohere  to  form  a  calyx  which 
is  more  or  less  entirely  united  into  one  piece,  as  in  Figs. 
139  and  148.  In  this  case  the  calyx  is  said  to  be  gamo- 
sepalous^  that  is,  of  wedded  sepals.  In  the  same  way  the 
corolla  is  frequently  gamopetalou%^  as  in  Figs.  144-148. 
Frequently  the  border  or  limh  of  the  calyx  or  corolla  is 
more  or  less  cut  or  lobed.     In  this  case  the  projecting 

1  For  fi^ires  or  descriptions  of  these  or  allied  flowers  consult  Gray's 
Manual  of  Botany,  Emersoii's  Trees  and  Shruha  of  Masaachuaetta,  Newhall's 
Treea  of  the  Northern  United  Slatea,  or  Le  Maout  and  Decaisne's  Tratte 
Q^n^al  de  Botanique. 
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portions  of  the  limb  are  known  as  divisions,  teeth,  or 

lobes.*    Special  names  of  great  use  in  accurately  describing 

plants  are  given  to  a  lai*ge  number  of  forms  of  the  gamo- 
petalous  corolla.  Only  a  few  of  these 
names  are  here  gfiven,  in  connection  with 
the  figures. 

When  the  parts  of  either  cirele  of  the 
perianth  are  whoUy  uneonnected  with  each 
other,  that  is,  polysepalous  or  polypetalons, 
such  parts  are  said  to  be  dütinct, 

214.   Parts  of  the  Stamen  and  the  Pistil. 
—  The  stamen  usually  consists  of  a  hoUow 
Fig.  142.         portion,  the  anther  (Fig.  149,  a),  bome  on  a 

ARoee.Longitudi-  stalk  called  the  filament  (Fig.  149,/),  which 
"*        ^'*'       is  of  ten  lacking.     Inside  the  anther  is  a  pow- 

dery  or  pasty  substance  called  pollen  or  microftpores  (Sect. 

374).     The  pistil  usually  consists  of  a  small  chamber,  the 

ovary^  which  contains  the  ovules^  macrospores  (Sect.  374), 

or  rudimentary  seeds,  a  slen- 

der  portion  or  stalk,  called  the 

stt/hj  and  at  the  top  of  this  a 

ridge,  knob,  or   point  called 

the  Stigma,     These  parts  are 

all  shown  in  Fig.  150.     In 

many   pistils   the    stigma  is 

bome  directly  on  the  ovary. 
215.  Union  of  Stamens  with 

Each  Other.  — Stamens   may        Fio.i43.-Fiowen,of  wiiiow. 

be   whoUy   uneonnected    with  ^.stamlnateflower;  Ä,  pistillate  flower. 

^  It  wonid  not  be  safe  to  assume  tbat  the  gamosepalous  caljrx  or  the  gamo- 
petalous  corolla  is  really  formed  by  the  union  of  separate  portions,  bat  it  is 
very  convenient  to  speak  of  it  as  if  it  were. 
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each  other  or  distinct^  or  they  may  cohere  by  their  fila- 
ments  into  a  single  group,  when  they  are  said  to  be 
monadelphotis^  of  one  brotherhood  (Fig. 
iTÜi  V:  J  .^  161 )?  into  two  groups  {diadelphom)  (Fig. 
152),  or  into  many  groups.  In  some 
flowers  the  stamens  are  held  together  in 
\VK  i'j,'ij|  a  ring  by  their  coherent  anthers  (Fig. 

153). 

216.  Union  of  Pistils.  —  The  pistils 
may  be  entirely  separate  from  each 
other,  distinct  and  simple,  as  they  are 

Fig.  144.— Bell-Shaped     .         ,       ,  ,      , 

Corona  ofBeii-Fiower    iH  thc  buttcrcup  and  the  stonecrop,  or 
(Campanuia),  scvcral  may  join  to  form  one  Compound 

pütil  ot  more  or  less  united  carpels.  In  the  latter  case 
the  Union  generally  aflfects  the  ovaries,  but  often  leaves 
the  styles  separate,  or  it  may  result 
in  joining  ovaries  and  styles,  but 
leave  the  Stigmas  separate  or  at  any 
rate  lobed,  so  as  to  show  of  how 
many  separate  carpels  the  Compound 
pistil  is  made  up.  Even  when  there 
is  no  extemal  sign  to  show  the 
Compound  nature  of 
the  pistil,  it  can  usu-  A^i^^^^^ 

ally  be   recognized    /-^J^^^^^" 
from  the   study  of   W/J^^^ 
a  cross-section  of  the  ^ 

FlO.  146. 
oVary.  Wbeel-Shaped  Coroll« 

217.   Cells  of  the  ofPotato. 

Ovary;  Placentas.  —  Compound    ovaries    are    very    com- 
monly  several-celled,  that  is,  they  consist  of  a  number  of 


Fig.  145.  — Salver-Shaped 
Corolla  of  Jasmine. 
(Magnifled.) 
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separate  cells'  or  Chambers,  more  scientifically  known 
as  locuies.  Fig.  164,  J?,  shows  a  three-celled  ovary 
Seen  in  cross-section.  The  ovules  are  not  bome  indis- 
criminately  by  any  part  of  the  lining  of  the  ovary.  In 
one-celled  pistils  they  frequently  grow  in  a  line  ninning 
along  one  side  of  the  ovary,  as  in  the  pea  pod  (Fig.  271). 
The  ovnle-bearing  line  is  called  a  placenta ;  m  Compound 
pistils  there  are  commonly  as  many  placentas  as  theie  are 


Fio.  147.— Tubu- 
lär Corolla,  from 
Head  of  Bache- 
lor'! Button. 


A  B 

Fio.  149.  —  ParU  of  a 
Pio.  148.  —  Labi-  Stamen. 

ate  or  Rlngent  Ä^  front ;  B,  back  ;  a,  an- 
Ck>rolla of  Dead  tber;  c,  oonnective; 
Kettle.  /,  filament. 


Fio.  150.  —  ParU 
of  the  Pistil. 

or,  o^ary. 
#ly,  ityle. 
»tig^  Btigma. 


separate  pistils  joined  tp  make  the  Compound  one.  Pla- 
centas on  the  wall  of  the  ovary,  like  those  in  Fig.  154,  A^ 
are  called  parietal  placentae  ;  those  which  occur  as  at  Ä, 
in  the  same  figure,  are  said  to  be  central,  and  those  which, 
like  the  form  represented  in  C  of  the  same  figure,  consist 
of  a  column  rising  from  the  bottom  of  the  ovary  are 
called  free  cerUral  placentae. 

1  Notice  that  the  word  cell  is  here  nsed  in  an  entirely  dilTerent  senseTrom 
that  in  which  it  has  been  employed  in  the  earlier  chapters  of  this  bock.  As 
applied  to  the  ovary,  it  means  a  Chamber  or  compartment. 
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218.  Union  of  Separate  Circles.  —  The  members  of  one 
of  the  circles  of  floral  organs  may  join  those  of  another 
circle,  thus  becoming  adnate,  adherent^  or  Consolidated. 
In  Fig.  139  the  calyx  tube  is  adnate  to  the 
ovary.  In  this  case  the  parts  of  the  flower  do 
not  all  appear  to  spring  from  the  receptacle. 
Fig.  165  illustrates  three  common  cases  as 
regards  Insertion  of  the  parts  of  the  flower. 
In  I  they  are  all  inserted  on  the  receptacle, 
and  the  coroUa  and  stamens  are  said  to  be 
hypogynouB^  that  is,  beneath  the  pistil.  In  II 
the  petals  and  the  stamens  appear  as  if  they 
had  grown  fast  to  the  calyx  for  some  distance, 
so  that  they  Surround  the  pistil,  and  they  are 
therefore  said  to  be  peHgynouBj  that  is, 
around  the  pistil.  In  III  all  the  parts  are 
free  or  unconsolidated,  except  the  petals 
and  stamens ;  the  stamens  may  be  described 
as  epipetalouSy  that  is,  growing  on  the  petals. 
Sometimes  some  or  all 
of  the  other  parts  stand 
upon  the  ovary,  and  such 
parts  are  said  to  be  epig- 


Fig.  151. 

MonadelphouB 

Stamens  of 

Mallow. 


Fio.  152.  ^  DiadelphooB 
Stamen«  of  Sweet  Pea. 


ynouB^ 


that 


IS,   on 


the 


ovary,  like  the  petals  and  stamens  of  the 
white  water-lily  (Fig.  156). 

219.  Floral  Diagrams.  —  Sections  (real 
or  imaginaiy)  through  the  flower  length- 
wise,  like  those  of  Fig.  155,  help  greatly 
in  givinßf  an  accurate  idea  of  the  relative  ^'""**^*"*'*®"J /• 

°  ^  filainents,  bearded 

Position  of  the  floral  organs.      Still   more    ontheüdes. 


Fig.  153.— Stamens 
of  A  ThiBtle,  with 
Anthers  unlted 
into  a  Hing. 
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important  in  this  way  are  cross-sections,  which  may  be 
recorded  in  diagrams  like  those  of  Fig.  167.^     In  con- 

structing  such  diagrams  it 
will  often  be  necessary  to 
suppose  some  of  the  parts 
of  the  flower  to  be  raised 
or  lowered  from  their  true 
Position,  so  as  to  bring 
them  into  such  relations 
that  all  could  be  cut  by  a 
Single  section.  This  would,  for  instance,  be  necessary 
in  making  a  diagram  for  the  cross-section  of  the  flower 


A  ~J9n         '    C 

Fio.  154.  —  Principal  Types  of  Piacents. 
A^  parietal  placenta ;  B^  central  placenta ; 
C,  free  central  placenta ;  A  and  J3,  trans- 
▼erse  section«  ;  C,  longitudinal  section. ' 


I  II  m 

PlO.  166.  ^Insertion  of  the 
Floral  Organs. 
I,  Hjpogynous,  all  the  other  parts  on 
the  receptacle,  beneath  the  pistil ; 
II,  Perigynous,  petals  and  stamens 
apparently  growingout  of  the  cajyx, 
aronnd  the  pistil;  III,  ooroUa 
hypogynous,  stamens  epipetalous. 


Fio.  166.  — White  Water-Lily.  The 
inner  petals  and  the  stamens  grow- 
ing  from  the  ovary. 


of  the  white  water-lily,  of  which  a  partial  view  of  one 
side  is  shown  in  Fig.  156.2 


1  For  floral  diafp-ams  see  La  Maout  and  Decaisne's  TraiU  Gän4rai  de 
Botanique,  er  Eichler's  Blüthendiagramme. 

2  It  is  best  to  begin  practica  on  floral  diagrams  with  flowers  so  firm  and 
large  that  actnal  sections  of  them  may  be  cut  with  ease  and  the  relations  of 
the  parts  in  the  section  readily  made  out.  The  tulip  is  admirably  adapted 
for  this  parpoae. 
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Construct  diagrams  of  the  longitudinal  section  and  the 
transverse  section  of  several  large  flowers,  foUowing  the 
method  indicated  in   Figs.    155    and   157,   but   making 

the  longitudinal  section  show 
the  interior  of  the  oväry.^  It 
is  found  convenient  to  distin- 


I  n  m 

Fio.  157.  —  Diagram  of  Crom-Seotions  of  Flowers. 

I,  ooloinbine  ;  II,  heath  family  ;  III,  iris  faiuily.  In  each  diagram  the  dot  along- 
side  the  main  portion  indicates  a  croBB-section  of  the  stem  of  the  plant.  In 
II  every  other  stamen  is  more  lightly  shaded,  because  some  plant«  of  the 
heath  family  haye  flve  and  some  ten  stamens. 

guish  the  sepals  from  the  petals  by  repi-esenting  the 
former  with  midribs.  The  diagrammatic  symbol  for  a 
stamen  Stands  for  a  cross-section  of  the  anther,  and  that 
for  the  pistil  is  a  section  of  the  ovary.  If  any  part  is 
lacking  in  the  flower  (as  in  the  case  of  flowers  which 
have  some  antherless  filamente)  the  missing  or  abortive 
Organ  may  be  indicated  by  a  dot.  In  the  diagram  of  the 
Iris  Family  (Fig.  157,  III)  the  three  dots  inside  the  flower 
indicate  the  position  of  a  second  circle  of  stamens,  found 
in  most  flowers  of  monocotyledons  but  not  found  in  this 
family. 

1  AmoDg  the  many  excellent  early  flowers  for  this  purpose  may  be  men- 
tioDod  trillium,  bloodroot,  dogtooth  violet,  marsh  marigold,  buttercup,  tulip 
tree,  horse-chestnut,  Jeffersonia,  May-apple,  cherry,  apple,  crocus,  tulip, 
daffodil,  primrose,  wild  ginger,  cranesbill,  locust,  bluebell. 
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220.   Review  Summary  of  Chapter  XV.^ 


Kinds  of  flowers  as  regards  number  of  circles  or 
'jets  of  Organs  present 


r  1. 

2. 
3. 
4. 


Kinc^  as  regards  numerical  plan i     ' 

Kinds  as  regards  similarity  of  parts  of  the  same  f  1. 

circle \  2. 

{i. 


Parts  of  a  stamen 


Parts  of  a  pistil 


Stamens  as  regards  union  with  each  other 


Pistils  as  regards  union  with  each  other 


1. 
2. 
3. 

f  1. 
2. 
3. 
4. 


Degree  of  union  of  separate  circles 


^  IlloBtrate  by  Sketches. 


CHAPTER   XVI 


TRÜ£   NATÜRE   OF   FLORAL   ORGANS;    DETAILS   OF 
THEIR   STRUCTURE;  FERTILIZATION 

221.  The  Flower  a  Shortened  and  greatly  Modified 
Branch.  —  In  Chapter  VIII,  the  leaf-bud  wat.  explained 
as  being  an  imdeveloped  branch,  which  in  its  growth 
would  develop  into  a  real  branch  (or  a  Prolongation  of 
the  main  stem).     New,  since  flower-buds  appear  regularly 


Fio.  158.  —  Transition  from  Bracts  to  Sei>als  in  a  CactoB  Flower. 

either  in  the  axils  of  leaves  or  as  terminal  buds,  there  is 
reason  to  regard  them  as  of  similar  nature  to  leaf-buds. 
This  would  imply  that  the  receptaele  corresponds  to  the 
axis  of  the  bud  shown  in  Fig.  86,  and  that  the  parts  of 
the  flower  eorrespond  to  leaves.  There  is  plenty  of  evi- 
dence  that  this  is  really  true.  Sepals  frequently  look 
very   much   like   leaves,  and  in   many   cacti  the  bracts 
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about  the  flower  are  so  sepal-like  that  it  is  impossible  to 
teil  where  the  bracts  end  and  the  sepals  begin  (Fig.  168). 
The  same  thing  is  true  of  sepals  and  petals  in  such  fiowers 
as  the  white  water-lily.  In  this  flower  there  is  a  remark- 
able  series  of  intermediate  Steps,  ranging  all  the  way  from 
petals,  tipped  with  a  bit  of  anther,  through  stamens  with 
a  broad  petal-like  filament,  to  regulär  stamens,  as  is  shown 
in  Fig.  159,  E^  -F,  ö,  H.     The  same  thing  is  shown  in 


Fio.  Iß8.  — Tcausitions  from  Petals  to  SUmenB  In  White  Water-Lily. 
£,  F^  G^  H,  various  Steps  between  petal  and  stamen. 

many  double  roses.  In  completely  double  flowers  all  the 
essential  organs  are  transformed  by  cultivation  into  petals. 
In  the  flowers  of  the  cultivated  double  cherry  the  pistils 
occasionally  take  the  form  of  small  leaves,  and  some  roses 
tum  whoUy  into  green  leaves. 

Summing  up,  then,  we  know  that  flowers  are  altered 
and  shortened  branches  :  (1)  because  flower-buds  have  as 
regards  position,  the  same  kind  of  origin  as  leaf-buds; 
(2)  because  all  the  intermediate  steps  are  found  between 
bracts,  on  the  one  band,  and  stamens,  on  the  other ;  (3) 
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because  the  essential  organs  are  found  to  be  replaced  by 
petals  or  even  by  green  leaves. 

The  fact  that  leaves  should  be  so  greaüy  modified  as 
they  are  in  flowers  and  given  work  to  do  wholly  difiFerent 
from  that  of  the  other  kinds  of  leaves  so  far  studied  need 
not  strike  one  as  exceptional.  In  many  of  the  most  highly 
developed  plants  below  the  seed-plants,  organs  correspond- 
ing  to  flowers  are  found,  and  these  consist  of  modified 
leaves,  set  apart  for  the  work  of  reproducing  (Sect.  367). 

222.  Mode  of  Formation  of  Stamens  and  Pistfls  from 
Leaves.  —  It  is  hardly  possible  to  state,  until  after  Chap- 
ter  XXIII  has  been  studied,  how  stamens  stand  related 
to  leaves.* 

The  simple  pistil  or  carpel  .is  supposed  to  be  made  on 
the  plan  of  a  leaf  f  olded  along  the  midrib  until  its  margins 
touch,  Hke  the  cherry  leaf  in  Fig.  87.  But  the  Student 
must  not  understand  by  this  Statement  that  the  little 
pistil  leaf  grows  at  first  like  an  ordinary  leaf  and  finally 
becomes  folded  in.  The  united  leaf-margins  near  the  tip 
would  form  the  stigma,  and  the  placenta  would  correspond 
to  the  same  margins,  rolled  slightly  inwards,  extending 
along  the  inside  of  the  inflated  leaf-pouch.  Place  several 
such  folded  leaves  upright  about  a  common  center,  and 
their  cross-section  would  be  much  like  that  of  B  in  Fig. 
154.  Evidence  that  carpels  are  really  formed  in  this  way 
may  be  gained  from  the  study  of  such  fruits  as  that  of 
the  monkshood  (Fig.  168),  in  which  the  ripe  carpels  may 
be  Seen  to  unfold  into  a  shape  much  more  leaf-like  than 
that  which  they  had  while  the  pistil  was  maturing.   What 

1 "  The  anther  answers  ezactly  to  the  spore-cases  of  the  fema  and  their 
allies,  while  the  filament  is  a  small  specialized  leaf  to  sapport  it."  For  a 
fuller  Statement,  see  Potter  and  Warming's  SystenuUic  Botany,  pp.  296,  237. 


TRUE  NATUKE  OF  FLORAL  ORGANS 


211 


really  occurs  is  this:  the  flower-bud,  as  soon  as  it  haa 
developed  far  enough  to  show  the  first  rudiments  of  the 
essential  organs,  contains  them  in  the  form  of  minute 
knobs.  These  are  developed  from  the  tissues  of  the  plant 
in  the  same  manner  as  are  the  knobs  in  a  leaf-bud,  which 
afterwards  become  leaves  (Fig.  87,  II) ;  but  as  growth 
and  development  progress 
in  the  flower-bud,  its  Con- 
tents soon  show  themselyes 
to  be  stamens  and  pistils  (if 
the  flower  is  a  perfect  one). 

223.  The  Anther  and  its 
Contents. — Some  of  the 
shapes  of  the  anthers  may 
be  leamed  from  Figs.  149 
and  160.1  The  shape  of  the 
anther  and  the  way  in  which 
it  opens  depend  largely  upon 
the  way  in  which  the  pollen 
is  to.be  discharged  and  how  it  is  carried  from  flower  to 
flower.  The  commonest  method  is  to  have  the  anther- 
cells  split  lengthwise,  as  in  Fig.  160,  I.  A  few  anthers 
open  by  trap-doors  like  valves,  as  in  II,  and  a  larger 
number  by  little  holes  at  the  top,  as  in  III. 

The  pollen  in  many  plants  with  inconspicuous  flowers, 
as  the  evergreen  cone-bearing  trees,  the  grasses,  rushes, 
and  sedges,  is  a  fine,  dry  powder.  In  plants  with  showy 
flowers  it  is  often  somewhat  sticky  or  pasty.  The  forms 
of  pollen  grains  are  extremely  various.  Fig.  161  will 
serve  to  fumish  examples  of  some  of  the  shapes  which 


Fio.  160.— Modes  of  dlscharging  Pollen. 

I,by  loDgitndlnal  slits  in  the  anther-oells 
(amarylllfl);  II,  by  uplifted  yaWes  (bar- 
berry);  III,  by  a  pore  at  the  top  of  eaoh 
anther-lobe  (nightahade). 


1  See  Keiner  and  Oliyer's  Natural  mstory  of  Blants,  Vol.  II,  pp.  8&-96, 
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the  grains  assume ;  c  in  the  latter  figure  is  perhaps  as 
common  a  form  as  any.  Each  poUen  grain  consists  mainlj 
of  a  Single  cell,  and  is  covered  by  a  moderately  thick  outer 
wall  and  a  thin  inner  one.  Its  Contents  are  thickish 
protoplasm,  füll  of  little  opaque  particles  and  usually 
containing  grains  of  starch  and  little  drops  of  oil.  The 
knobs  on  the  outer  coat,  as  shown  in  Fig.  161  6,  mark 


a  b  c  d  e 

FiQ.  161.  —  Pollen  Grains.    (Very  greatly  maguifleil.) 
a,  pumpkin ;  b,  enchanter's  nightshade  ;  c,  Albuca ;  d,  pink  ;  «,  kibisciu. 

the  spots  at  which  the  inner  coat  of  the  grain  is  finally 
to  burst  through  the  outer  one,  pushing  its  way  out  in 
the  form  of  a  slender,  thin-walled  tube.^ 

224.  The  Formation  of  Pollen  Tubes.  —  This  can  be 
studied  in  poUen  grains  which  have  lodged  on  the  stigma 
and  there  been  subjected  to  the  action  of  its  moist  surface. 
It  is,  however,  easier  to  cause  the  artificial  production  of 
the  tubes. 

EXPERIMENT   XXXVHI 

Production  of  Pollen  Tubes.  —  Place  a  few  drops  of  suitably  diluted 
syrup  with  some  fresh  pollen  in  a  concave  cell  ground  in  a  micro- 
scope  slide ;  cover  with  thin  glass  circle  ;  place  under  a  bell-glass, 
with  a  wet  cloth  or  sponge,  to  prevent  evaporation  of  the  syrup,  and 
set  aside  in  a  warm  place,  or  merely  put  some  pollen  in  syrup  in  a 

1  See  Kemer  and  OUver's  Natural  Histofy  of  Plants,  Vol.  II,  pp.  d5-l(H. 


FERTILIZATION 


213 


watch  crystal  under  the  bell-glass.  Examine  from  time  to  time  to 
Dote  the  appearance  of  the  pollen  tubes.  Try  several  kinds  of 
pollen  if  possible,  using  syrups  of  various  streiigths.  The  follow- 
ing  kinds  of  pollen  form  tubes  readily  in  syrups  of  the  strengths 
indicated. 


Tulip 

Narcissus 

Cytisus  canariensU  (called  Genista  by  Aorists) 

Chinese  primrose 

Sweet  pea  *  ..... 

Tropaeolumi        .  .... 


1  to  3  per  Cent. 
3  to  5 

15 

10 
lOtolS 

15 


225.  Microscopical  Structure  of  the  Stigma  and  Style.  — 
Under  a  moderate  power  of  the  microscope  the  stigraa  is 
Seen  to  consist  of  cells  set  irregularly  over  the  surface, 
and  secreting  a  moist  liquid  to 
which  the  pollen  grains  adhere  (Fig. 
162).  Beneath  these  superficial  cells 
and  running  down  through  the  style 
(if  there  is  one)  to  the  ovary  is 
spongy  parenchyma.  In  some  pistils 
the  pollen  tube  proceeds  through 
the  cell  walls,  which  it  softens  by 
means  of  a  substance  which  it  exudes 
for  that  purpose.  In  other  cases 
(Fig.  163)  there  is  a  canal  or  passage, 
along  which  the  pollen  tube  travels 
on  its  way  to  the  ovule. 


FI0.1C2.  — Stigma  of  Thorn- 
Apple  (Datura)  with  Pollen. 
(Magnified.) 


1  The  8weet-pea  pollen  and  that  of  Tropseolum  are  easier  to  manage  than 
any  other  kinds  of  which  the  author  has  personal  knowledge.  If  a  concaved 
slide  is  nqt  available,  the  cover-glass  may  be  propped  up  on  bits  of  the  thin- 
nest  broken  cover-glasses.  From  presence  of  air  or  some  otlier  reason,  the 
formation  of  pollen  tubes  often  proceeds  most  rapidly  just  inside  the  margin 
of  the  cover-glass. 
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226.   FertUization.  —  B j  fertilization  in  seed-plants  the 
botanist  means  the  union  of  a  generative  cell  from  a  pol- 
jj  len  grain  with  that  of  an  egg-cell 

at  the  apex  of  the  embryo  sac 
(Fig.  165).  This  process  gives 
rise  to  a  cell  which  contains 
material  derived  from  the  poUen 
and  from  the  egg-cell.  In  a 
great  many  plants  the  pollen, 
in  Order  to  accomplish  the  most 
successful  fertilization,  must 
come  from  another  plant  of  the 
same  kind,  not  from  the  indi- 
yidual  which  bears  the  oviües 
that  are  being  fertilized. 

Pollen  tubes  begin  to  form 
soon  after  pollen  grains  lodge 
on  the  Stigma.      The  time  re- 

Fio.  163. —Pollen  GraixiB  producing  '      ji  £        j.v.  x      i.       • 

Tube«,  on  Stigma  ofaLiiy.  (Much  quircd  for  thc  proccss  to  bcgin 

varies  in  different  kinds  of 
plants,  requiring  in  many  cases 
twenty-four  hours  or  more.  The 
lengfth  of  time  needed  for  the 
pollen  tube  to  make  its  way 
through  the  style  to  the  ovary 
depends  upon  the  length  of  the 
style  and  other  conditions.     In 

len  Tube  wiih  Two  NakedOener»-    the    CrOCUS,    which    has    a    Stylc 

several  inches  long,  the  descent 
takes  from  one  to  three  days. 

Finally  the  tube  penetrates  the  opening  at  the  apex  of 


iiiagnlfled.) 

g,  pollen  grains  ;  t,  pollen  tubes ;  p, 
papill»  of  Btignui ;  e,  canal  or  pas- 
■age  rnnning  toward  orary. 


Fio.  104.  —  Pollen  Orain  of  Snow- 
flake  (Letuxnum)  producing  a  Pol- 
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the  ovule  nt,  in  Fig.  165,  reaches  one  of  the  cells  shown 

at  Cy  and  transfers  a  generative  cell  into  this  egg-cell.    The 

latter  is  tbus  enabled  to 

divide  and  grow  rapidly 

into   an   embryo.     This 

the  cell  does  by  forming 

cell-walls   and   then   in- 

creasing    by    continued 

subdivision,  in  much  the 

same  way  in  which  the 

cells  at  the  growing  point 

near  the  tip  of  the  root, 

or  those  of  the  cambium 

layer,  subdivide.^ 

227.  Natura  of  the 
Fertilizing  Process. — 
The  necessary  feature  of 
the  process  of  fertiliza- 
tion  is  the  union  of  the 
essential  content»  of  two 
cell»  to  form  a  new  one^ 
from  which  the  fvJture 
plant  is  to  spring.  This 
kind  of  Union  is  found 
to  occur  in  many  cryp- 
togams  (Chapters 
XX- XXII),  .  resulting 
in  the  production  of 
a  spore  capable  of  grow- 
ing into  a  complete  plant  like  that  which  produced  it 

1  See  Kemer  and  OUver's  Natural  Hiatory  of  Planta,  Vol.  U,  pp.  401-420. 


Pio.  166.  —  DiagraramAtio  Bepretentation  of 
Fertilization  of  an  Orule. 

i,  inner  coating  of  ovule  ;  o,  onter  coating  of 
OTule;  />,  pollen  tube,  procee<l]ng  from  one 
of  tbe  poUen  grains  on  the  Stigma  ;  e,  tbe 
place  where  the  two  coats  of  t|^e  OTule 
blend.  (The  kind  of  ovule  here  shown  is 
inverted,  its  opening  m  being  at  the  bottora, 
and  the  stalk  /  adhering  along  one  side  of 
the  ovule.)  a  to  r.  embryo  sac,  füll  of  pro- 
toplasm  ;  a,  so-called  antipodal  cells  of  em- 
bryo sac ;  n,  central  nucleus  of  the  embryo 
sac ;  e,  nucleated  cells,  one  of  which,  the 
egg-cell,  receives  the  easential  oontcnts  of 
the  pollen  tube ;  /,  funicnlus  or  stalk  of 
OYule ;  m,  opening  into  the  ovule. 
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228.  Number  of  Pollen  Grains  to  Each  Ovule.  —  Only 
one  pollen  tube  is  necessaiy  to  fertilize  each  ovule,  but 
so  many  pollen  grains  are  lost  that  plants  produce  many 
more  of  them  than  of  ovules.  The  ratio,  however,  varies 
greatly.  In  the  night-blooming  cereus  there  are  about 
250,000  pollen  grains  for  30,000  ovules,  or  rather  more 
than  8  to  1,  while  in  the  common  garden  wistaria  there 
are  about  7000  pollen  grains  to  every  ovule,  and  in  Indian 
com,  the  cone-bearing  evergreens,  and  a  multitude  of  other 
plants,  many  times  more  than  7000  to  1.  These  differences 
depend  upon  the  mode  in  which  the  pollen  is  carried  from 
the  stamens  to  the  pistil. 


CHAPTER   XVII 
THE   STUDY   OF   TYPICAL  FRUITS 

229.  A  Berry,  the  Tomato.^  —  Study  the  external  form  of  the 
tomato,  and  make  a  sketch  of  it  showing  the  persistent  calyx  and 
peduncle. 

Cut  a  cross-section  at  about  the  middle  of  the  tomato.  Note  the 
thickness  of  the  epidermis  (peel  off  a  strip)  and  of  the  wall  of  the 
ovary.  Note  the  number,  size,  form,  and  contents  of  the  cells  of 
the  ovary.  Observe  the  thickness  and  texture  of  the  partitions 
between  the  cells.     Sketch. 

Note  the  attachments  of  the  seeds  to  the  placentas  and  the  gelati- 
nous,  slippery  coating  of  each  seed. 

The  tomato  is  a  typical  berry,  but  its  structure  presents  fewer 
points  of  interest  than  are  fouud  in  some  other  fruits  of  the  same 
general  character,  so  the  student  will  do  well  to  spend  a  little  more 
time  on  the  examination  of  such  fruits  as  the  orange  or  the  lemon. 

230.  A  Hesperidittm,  the  Lemon Procure  a  large  lemon  which 

is  not  withered,  if  possible  one  which  still  shows  the  remains  of  the 
calyx  at  the  base  of  the  fruit. 

Note  the  color,  general  shape,  surface,  remains  of  the  calyx, 
knob  at  portion  formerly  occupied  by  the  stigma.  Sketch  the  fruit 
about  natural  size.  Examine  the  pitted  surface  of  the  rind  with 
the  magnifying  glass  and  sketch  it.  Remove  the  bit  of  stem  and 
dried-up  calyx  from  the  base  of  the  fruit;  observe,  above  the  calyx, 
the  knob  or  disk  on  which  the  pistil  stood.  Note  with  the  magni- 
fying glass  and  count  the  miuute  whitish  raised  knobs  at  the  bottom 
of  the  saucer-shaped  depression  left  by  the  removal  of  the  disk. 
Whatare  they? 

1  Fresh  tomatoes,  not  too  ripe,  are  to  be  used,  or  those  which  have  been  kept 
over  from  the  previoas  summer  in  formalin  Solution.  The  very  smallest 
varieties,  such  as  are  often  sold  for  preserving,  are  as  good  for  study  as  the 
larger  küids. 

217 


218  FOUNDATIONS  OF  BOTANY 

Make  a  transverse  section  of  the  lemon,  not  more  than  a  fifth  of 
the  way  down  from  the  stigma  end  and  note  : 

(1)  The  thick  skin,  pale  yellow  near  the  outside,  white  within. 

(2)  The  more  or  lesa  wedge-shaped  divisions  containing  the  juicy 
pulp  of  the  fruit.  These  are  the  matured  cells  of  the  ovary ;  count 
these. 

(3)  The  thin  partition  between  the  cellfl. 

(4)  The  central  column  or  azis  of  white  pithy  tissue. 

(5)  The  location  and  attachment  of  any  seeds  that  may  be 
encountered  in  the  section. 

Make  a  sketch  to  illustrate  these  points,  comparing  it  with 
Fig.  171. 

Study  the  section  with  the  magnifying  glass  and  note  the  little 
spherical  reservoirs  near  the  outer  part  of  the  skin,  which  contain  the 
oil  of  lemon  which  gives  to  lemon  peel  its  characteristic  smell  and 
taste.  Cut  with  the  razor  a  thin  slice  from  tlie  surface  of  a  lemon 
peel,  some  distance  below  the  section,  and  at  once  examine  the 
freshly  cut  surface  with  a  magnifying  glass  to  see  the  reservoirs, 
still  containing  oil,  which,  however,  soon  evaporates.  On  the  cut 
surface  of  the  pulp  (in  the  original  cross-section)  note  the  tubes  in 
which  the  juice  is  contained.  These  tubes  are  not  cells,  but  their 
walls  are  built  of  cells.  Cut  a  fresh  section  across  the  lemon,  about 
midway  of  its  length  and  sketch  it,  bringing  out  the  same  points 
which  were  shown  in  the  previous  one.  The  fact  that  the  number 
of  ovary  cells  in  the  fruit  corresponds  with  the  number  of  minute 
knobs  in  the  depression  at  its  base  is  due  to  the  fact  that  these 
knobs  mark  the  points  at  which  fibro-vascular  bundles  passed  from 
the  peduncle  into  the  cells  of  the  fruit,  carrying  the  sap  by  which 
the  growth  of  the  latter  was  maintained. 

Note  the  toughness  and  thickness  of  the  seed-coats.  Taste  the 
kemel  of  the  seed. 

Cut  a  very  thin  slice  from  the  surface  of  the  skin,  mount  in 
water,  and  examine  with  a  medium  power  of  the  microscope. 
Sketch  the  cellular  structure  shown  and  compare  it  with  the  sketch 
of  the  corky  layer  of  the  bark  of  the  potato  tuber. 

Of  what  use  to  the  fruit  is  a  corky  layer  in  the  skin?  (See  Sect. 
453  for  further  questions.) 
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231.  A  Lesume,  the  Bean-Pod.^  —  Lay  the  pod  flat  on  the  table 
and  make  a  sketch  of  it,  about  natural  size.  Label  atigma,  style, 
avaryj  ccUyx,  peduncle. 

Make  a  longitudinal  section  of  the  pod,  at  right  angles  to  the 
plane  in  which  it  lay  as  first  sketched,  and  make  a  sketch  of  the 
section,  showing  the  partially  developed  seeds,  the  cavities  in  which 
they  lie,  and  the  solid  portion  of  the  pod  between  each  bean  and 
the  next. 

Split  another  pod,  so  as  to  leave  all  the  beans  lying  undisturbed 
on  one-half  of  it  and  sketch  that  half,  showing  the  beans  lying  in 
their  natural  position  and  the  funiculus  or  stalk  by  which  each  is 
attached  to  the  placenta;  compare  Fig.  271. 

Make  a  cross-section  of  another  pod,  through  one  of  the  beans, 
sketch  the  section,  and  label  the  placenta  (formed  by  the  united 
edges  of  the  pistil  leaf )  and  the  midrib  of  the  pistil  leaf. 

Break  off  sections  of  the  pod  and  determine,  by  observing  where 
the  most  stringy  portions  are  found,  where  the  fibro-vascular  bundles 
are  most  numerous. 

Examine  some  ripe  pods  of  the  preceding  year,^  and  notice  where 
the  dehiscence,  or  Splitting  open  of  the  pods,  occurs,  whether  down 
the  placental  edge,  ventral  suture,  the  other  edge,  dorsal  suture,  or 
both. 

232.  An  Akene,  the  Fruit  of  Dock.  —  Hold  in  the  forceps  a  ripe 
fruit  of  any  of  the  common  kinds  of  dock,'  and  examine  with  the 
magnifying  glass.  Note  the  three  dry,  veiny,  membranaceous  sepals 
by  which  the  fruit  is  enclosed.  On  the  outside  of  one  or  more  of 
the  sepals  is  found  a  tubercle  or  thickened  appendage  which  looks 
like  a  Httle  seed  or  grain.  Cut  off  the  tubercles  from  several  of  the 
fruits,  put  these,  with  some  uninjured  ones,  to  float  in  a  pan  of 
water,  and  watch  their  behavior  for  several  hours.  What  is  appar- 
ently  the  use  of  the  tubercle  ? 

1  Any  specles  of  bean  (Phaseolua)  will  answer  for  this  study.  Specimens 
in  the  conditlon  known  at  the  markets  as  "  shell-beans  **  would  be  best,  but 
these  are  not  obtainable  in  spring.    Ordinary  **  string-beans  "  will  do. 

3  Which  may  be  passed  round  for  that  purpose.  They  should  have  been 
saved  and  dried  the  preceding  antumn. 

•  Rumex  crispust  R.  obtusi/oHus,  or  R.  verticiUatus.  This  should  have 
been  gathered  and  dried  the  preceding  summer. 
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Of  what  itfle  are  the  sepals,  after  drying  up?  Why  do  the  fruits 
cling  to  the  plant  long  after  ripening? 

Caref ully  remove  the  sepals  and  examine  the  fruit  within  them. 
What  is  its  color,  size,  and  shape?  Make  a  sketch  of  it  as  seen  with 
the  magDifying  glass.  Note  the  three  tufted  stigmas,  attached  bj 
elender  threads  to  the  apex  of  the  fruit  What  does  their  tu£ted 
shape  indicate  ? 

What  evidence  is  there  that  this  seed-like  fruit  is  not  really  a 
seed? 

Make  a  cross-section  of  a  fruit  and  notice  whetHer  the  wall  of 
the  ovary  can  be  seen,  distinct  from  the  seed-coats.  Compare  the 
dock  fruit  in  this  respect  with  the  fruit  of  the  buttercup,  shown  in 
Fig.  166.     Such  a  fruit  as  either  of  these  is  called  an  akene. 


CHAPTER  XVm 
THE  FRUIT^ 

233.  What  constltutes  a  Fruit.  —  It  is  not  easj  to  make 
a  ßhort  and  simple  definition  of  what  botanists  mean  by 
the  term  fruit.  It  has  very  little  to  do  with  the  populär 
use  of  the  word.  Briefly  stated,  the  definition  may  be 
given  as  follows  :  The  fruit  coiisists  of  the  matured  ovary 
and  Contents^  together  with  any  intimately  connected  parts. 
Botanically  speaking,  the  bur  of  beggar's  ticks  (Fig.  273), 
the  three-comered  grain  of  buckwheat,  or  such  true  grains 
as  wheat  and  oats,  are  as  much  fruits  as  is  an  apple  or  a 
peach. 

The  style  or  stigma  sometimes  remains  as  an  important 
part  of  the  fruit  in  the  shape  of  a  hook,  as  in  the  common 
hooked  crowfoot ;  or  in  the  shape  of  a  plumed  appendage, 
as  in  the  virgin's  bower,  often  called  wild  hops.  The 
calyx  may  develop  hooks,  as  in  the  agrimony,  or  plumes, 
as  in  the  thistle,  the  dandelion,  lettuce,  and  many  other 
familiär  plants.  In  the  apple,  pear,  and  very  many  ber- 
ries,  the  calyx  becomes  enlarged  and  pulpy,  often  consti- 
tuting  the  main  bulk  of  the  mature  fruit.  The  receptacle 
not  infrequently,  as  in  the  apple,  forms  a  more  or  less 
important  part  of  the  fruit. 

234.  Indehiscent  and   Dehiscent   Fruits All  of  the 

fruits  considered  in  the  next  three  sections  are  indehiscent^ 

^  See  Gray's  Struetural  Botany,  Chapter  VII,  also  Kerner  and  Oliver's 
Natural  SUtory  of  Plants,  Vol.  II,  pp.  427-438. 
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that  is,  they  remain  closed  after  ripening.  Dehiscent 
fruits  when  ripe  open  in  order  to  discharge  their  seeds. 
.^^    ,  The  three  classes  which  im- 

M 


FiQ.  166.  — Akenesof  aButtercup. 

Af  head  of  akenes ;  B^  section  of  a  Single 

akene  (magnifled) ;  a,  seed. 


mediately  follow  Sect.  237 
belong  to  this  division. 

235.  The  Akene.  —  The 
one-celled  and  one-seeded 
pistils  of  the  buttercup, 
strawberry,  and  many  other 
flowers,-  ripen  into  a  litüe 
fruit  called  an  akene  (Fig. 
166).  Such  fruits,  from 
their  small  size,  their  dry 
consistency,  and  the  faet  that  they  never  open,  are  usually 
taken  for  seeds  by  those  who  are  not  botanists. 

In  the  group  of  plants  to  which  the  daisy,  the  sunflower, 
and  the  dandelion  belong,  the  akenes  consist  of  the  ovary 
and  the  adherent  calyx  tube.  The  limb  of  the  caljrx  is 
borne  on  the  summit  of  many  akenes,  sometimes  in  the  form 
of  teeth,  sometimes  as  a  tuft 
of  hairs  or  bristles  (Fig.  267). 

236.  The  Grain.  —  Grains, 
such  as  com,  wheat,  oats,  bar- 
ley,  rice,  and  so  on,  have  the 
interior  of  the  ovary  com- 
pletely  filled  by  the  seed,  and 
the  seed-coats  and  the  wall  of 
the  ovary  are  firmly  united,  as 
shown  in  Fig.  6. 

237.  The  Nut.  —  A  nut  (Fig.  167)   is  larger  than  an 
akene,  usually  has  a  harder  shell,  and  commonly  contains 


Fio.  167.  — Cbestnuts. 
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a  seed  which  Springs  from  a  Single  oviile  of  one  cell  of  a 
Compound  ovary,  which  develops  at  the  expense  of  all  the 
other  ovules.  The  chestnut-bur  is  a  kind  of  involucre, 
and  so  is  the  acom-cup.  The  name 
nut  is  often  incorrectly  applied  in 
populär  language;  for  example,  the 
so-called  Brazil-nut  is  really  a  lai*ge 
seed  with  a  very  hard  testa. 

238.    The   Follicle One-celled, 

simple  pistils,  like  those  of  the  marsh 
marigold,  the  columbine,  and  a  good 
many  other   plants,  often   produce  a 
Fio.  168.- Group  ofFoui- fruit   which   dehisccs   along  a   single 
ciesandastagiejoiiicie  g^ture,  usually  thc  veutral  one.     Such 

of  the  MonkBhood.  ^  •^ 

a  fruit  is  called  ^follicle  (Fig.  168). 

239.  The  Legume.  —  A  legume  is  a  one-celled  pod, 
formed  by  the  maturing  of  a  simple  pistil,  which  deliisces 
along  both  of  its  sutures,  as  already  seen  in  the  case  of 
the  bean  pod,  and  illus- 
trated  in  Fig.  271. 

240.  TheCapSttle 

The  dehiscent  fruit 
formed  by  the  ripening 
of  a  Compound  pistil  is 
called  a  capsule.  Such 
a  fruit  may  be  one- 
celled,  as  in  the  linear 
pod  of  the  celandine 
(Fig.  271),  or  several- 
celled,  as  in  the  fruit  of  the  poppy,  the  moming-gloiy, 
and  the  jimson  weed  (Fig.  271). 


Fig.  169.  —  Wlnged  Frults. 
I,  elm ;  II,  maple. 
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241.  Dry  Fruits  and  Fleshy  Fruits.  —  In  all  the  cases 
discussed  or  described  in  Sects.  2ä8-240,  the  wall  of  the 
ovary  (and  the  adherent  calyx  when  present)  ripen  into 
tissues  which  are  somewhat  hard  and  dry.  Often,  how- 
ever,  these  parts  become  developed  into  a  juicy  or  fleshy 
mass  by  which  the  seed  is  surrounded  ;  hence  a  general 
di Vision  of  fruits  into  dry  fruit%  £Lnd  fleahi/ fruits. 

242.  The  Stone-Fruit.  —  In  the  peach,  aprieot,  plum,  and 
cheiry,  the  pericarp  or  wall  of  the  ovary,  during  the  proo- 

ess  of  ripening,  becomes  con- 
verted  into  two  kinds  of  tissue, 
the  outer  portiqn  pulpy  and 
edible,  the  inner  poi-tion  of. 
almost  stony  hardness.  In 
common  language  the  hard- 
ened  inner  layer  of  the  peri- 
carp, enclosing  the  seed,  is 
called  the  %tone  (Fig.  170), 
Pio.  170.— Peach.  Longitudinai  hcucc  the  uame  Btone-fruiU. 
section  of  Fruit.  243.   Thc  Pomc.  —  The  fruit 

of  the  apple,  pear,  and  quince  is  called  a  pome.  It  con- 
sists  of  a  several-celled  ovary,  —  the  seeds  and  the  tough 
membrane  surrounding  them  in  the  core^  —  enclosed  by  a 
fleshy,  edible  portion  which  makes  up  the  main  bulk  of 
the  fruit  and  is  foi-med  from  the  much-thickened  calyx, 
with  sometimes  an  enlarged  receptacle.  In  the  apple  and 
the  pear  much  of  the  fruit  is  receptacle. 

244.  The  Pepo  or  Gourd-Fruit.  —  In  the  squash,  pump- 
kin,  and  cucumber,  the  ripened  ovary,  together  with  the 
thickened  adherent  calyx,  makes  up  a  peculiar  fruit  (with 
a  firm  outer  rind)  known  as  the  pepo,     The  relative  bulk 


THE  FRUIT 


225 


of  enlarged  caljrx  and  of  ovary  in  such  fruits  is  not  always 
the  same. 

How  does  the  amount  of  material  derived  from  fleshy 
and  thickened  placentae  in  the  squash  compare  with  that 
in  the  watermelon  ? 

245.  The  Berry;  —  The  berry  proper,  such  as  the 
tomato,  grape,  persimmon,  gooseberiy,  currant,  and  so  on, 
consists  of  a  rather  thin- 
skinned,  one-  to  several- 
celled,  fle$hy  ovary  and  its 
Contents.  In  the  first  three 
cases  above  mentioned  the 
calyx  forms  no  part  of  the 
fruit,  but  it  does  in  the  last 
two,  and  in  a  great  number 
of  berries. 

The  gourd-fruit  and  the 
heBperidiunty  such  as  the 
orange  (Fig.  171),  lemon, 
and  lime,  are  merely  de- 
cided  modifications  of  tlie 
berry  proper. 

246.  Aggregate  Fruits.  —  The  raspberry,  blackberry 
(Fig.  172),  and  similar  fruits  consist  of  many  carpels,  each 
of  which  ripens  into  a  part  of  a  Compound  mass,  which, 
for  a  time  at  least,  clings  to  the  receptacle.  The  whole  is 
called  an  aggregate  fruit, 

To  which  one  of  the  preceding  classes  does  each  unit  of 
a  blackberry  or  of  a  raspberry  belong  ? 

What  is  the  most  important  difference  in  structure 
between  a  fuUy  ripened  raspberry  and  a  blackberry  ? 


Fio.  171.  ^  CroBs-Section  of  an  Orange, 
a,  axis  of  fruit  with  dots  sbowing  cut-off 
ends  of  flbro-vascular  bundles ;  p,  parti- 
tion  between  cella  of  ovary ;  5,  seed ; 
c,  cell  of  ovary,  fllled  with  a  pulp  com- 
posed  of  irregulär  tubes,  füll  of  Juice ; 
o,  oil  reservoirs  near  outer  surfaoe  of 
rind ;  e,  oorky  layer  of  epldermis. 
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247.  Accessory  Fruits  and  Multiple  Fruits.  —  Not  infre- 
quently,  as  in  the  strawbeny  (Fig.  172),  the  main  bulk  of 
the  so-called  fruit  consists  neither  of  the  ripened  ovary 
nor  its  appendages.  Such  a  combination  is  called  an 
accessory  fruit, 

Examine  with  a  magnifying  glass  the  surface  of  a  small,  unripe 
Btrawberry,  then  that  of  a  ripe  one,  and  finally  a  section  of  a  ripe 
one,  and  decide  where  the  separate  fruits  of  the  strawberry  are  found, 
what  kind  of  fruits  they  are,  and  of  what  the  main  bulk  of  the  straw- 
berry consists. 

The  fruits  of  two  or  more  separate  flowers  may  blend 
into  a  Single  mass,  which  is  known  as  a  multiple  fruit, 
Perhaps  the  bestrknown  edible  examples  of  this  are  the 


I  II  m 

Pio.  172.— I,  Strawberry ;  II,  Baspberry ;  HI,  Mulberry. 

mulberry  (Fig.  172)  and  the  pineapple.  The  last-named 
fruit  is  an  excellent  instance  of  the  seedless  condition 
which  not  infrequently  results  from  long-continued  culti- 
vation. 

248.  Summary.  —  The  student  may  find  it  easier  to 
retain  what  knowledge  he  has  gained  in  regard  to  fruits  if 
he  copies  the  following  Synopsis  of  the  Classification  of 
fruits,  and  gives  an  example  of  each  kind. 
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Fruits    < 


Gomposition 


Texture 


'Simple. 
Aggregate. 
Accessory. 
Multiple. 

Fleshy 
Stone 


Dry 


Mode  of 
disaeminating  seed 


i 


Indehiscent 


Dehiscent 


CHAPTER   XIX 
THE  CLASSIFICATION  OF  PLANTS* 

249.  Natural  Croups  of  Plauts.  —  One  does  not  need  to 
be  a  botanist  in  order  to  recognize  the  fact  that  plants 
naturally  fall  into  groups  which  resemble  each  other  pretty 
closely,  that  these  groups  may  be  combined  into  larger 
ones  the  members  of  which  are  somewhat  alike,  and  so  on. 
For  example,  all  tlie  bulb-f onning  spring  buttercups  ^  which 
grow  in  a  particular  field  may  be  so  much  alike  in  leaf, 
flower,  and  fruit  that  the  dififerences  are  hardly  worth 
mentioning.  The  tall  summer  buttercups  ^  resemble  each 
other  closely,  but  are  decidedly  dififerent  from  the  bulbous 
spring-flowering  kind,  and  yet  are  enough  like  the  latter 
to  be  ranked  with  them  as  buttercups.  The  yellow 
water-buttercups  *  resemble  in  their  flowers  the  two 
kinds  above  mentioned,  but  differ  from  them  greatly  in 
habit  of  growth  and  in  foliage,  while  still  another,  a 
very  small-flowered  kind,^  might  fall  to  be  recognized 
as  a  buttercup  at  all. 

The  marsh  marigold,  the  hepatica,  the  rue  anemone, 
and  the  anemone  all  have  a  family  resemblance  to  butter- 
cups,® and  the  various  anemones  by  themselves  form 
another  group  like  that  of  the  buttercups. 

1  See  Warming  and  Potter's  SystemcUic  Botany,  Strasburger,  Noll,  Schenk, 
and  Schimper'8  Text-Book  of  Botany,  Part  II,  or  Kerner  and  Oliver,  Vol.  II, 
pp.  616-790.      «  R.  bulbosus.      «  R.  acris,     *  R.  mult\fidus,      «  Ä.  abortivu9, 

*  Fresh  specimens  or  herbariuin  specimens  will  show  tbis. 
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250.  Genus  and  Species.  —  Such  a  group  as  that  of  the 
buttercups  is  called  a  genus  (plural  genera)^  while  the 
various  kinds  of  buttercups  of  which  it  is  composed  are 
called  species,  The  scientific  name  of  a  plant  is  that  of  the 
genus  followed  by  that  of  the  species.  The  generic  name 
begins  with  a  capital,  the  specific  does  not,  unless  it  is  a 
Substantive.  After  the  name  comes  the  abbreviation  for 
the  name  of  the  botanist  who  is  authority  for  it;  thus  the 
common  eider  is  Sambucus  canadensis,  L.,  L.  standing  for 
LinnsBus.  Familiär  examples  of  genera  are  the  Violet 
genus,  the  Rose  genus,  the  Clover  genus,  the  Golden-rod 
genus,  the  Oak  genus.  The  number  of  species  in  a  genus 
is  very  various,  —  the  Kentucky  Coffee-tree  genus  con- 
tains  only  one  species,  while  the  Golden-rod  genus  com- 
prises  more  than  forty  species  in  the  northeastern  United 
States  alone. 

251.  Hybrids If  the  poUen  of  a  plant  of  one  species 

is  placed  on  the  Stigma  of  a  plant  of  the  same  genus  but  a 
different  species,  no  fertilization  will  usually  occur.  In  a 
large  number  of  cases,  however,  the  pistil  will  be  ferti- 
lized,  and  the  resulting  seed  will  often  produce  a  plant 
intermediate  between  the  two  parent  forms.  This  proc- 
ess  is  called  hylridization^  and  the  resulting  plant  a 
hybrid.  Many  hybrid  oaks  have  been  found  to  occur 
in  a  State  of  nature,  and  hybrid  forms  of  grapes,  orchids, 
and  other  cultivated  plants,  are  produced  by  horticul- 
turists  at  will. 

252.  Varieties.  —  Oftentimes  it  is  desirable  to  describe 
and  give  names  to  subdivisions  of  species.  All  the  culti- 
vated kinds  of  apple  are  reckoned  as  belonging  to  one  spe- 
cies, but  it  is  convenient  to  designate  such  vjirieties  as  the 
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Baldwin,  the  Bellflower,  the  Rambo,  the  Gravenstein,  the 
Northern  Spy,  and  so  on.  Very  commonly  varieties  do 
not,  as  horticultnrists  say,  "  come  tnie,"  that  is  to  say,  the 
seeds  of  any  particular  variety  of  apple  not  only  are  not 
sure  to  produce  that  variety,  but  they  are  nearly  sure  to 
produce  a  great  number  of  widely  different  sorts.  Varie- 
ties which  will  reproduce  themselves  from  the  seed,  such 
as  pop-com,  sweet  com,  flint-corn,  and  so  on,  are  called 
race9. 

Only  long  and  careful  study  of  plants  themselves  and 
of  the  principles  of  Classification  will  enable  any  one  to 
decide  on  the  limits  of  the  variety,  species,  or  genus,  that 
is,  to  determine  what  plants  shall  be  included  in  a  given 
group  and  what  ones  shall  be  classed  elsewhere. 

253.  Order  or  Family.  —  Genera  which  resemble  each 
other  somewhat  closely,  like  those  discussed  in  Sect.  249, 
are  classed  together  in  one  order  or  family.  The  particu- 
lar genera  above  mentioned,  together  with  a  large  number 
of  others,  combine  to  make  up  the  Crowfoot  family.  In 
determining  the  Classification  of  plants  most  points  of 
structure  are  important,  but  the  characteristics  of  the 
flower  and  fruit  outrank  others  because  they  are  more 
constant,  since  they  vary  less  rapidly  than  the  characteris- 
tics of  roots,  st«ms,  and  leaves  do  under  chauged  condi- 
tions  of  soil,  climate,  or  other  surrounding  circumstances. 
Mere  size  or  habit  of  growth  has  nothing  to  db  with  the 
matter,  so  the  botanist  finds  no  difficulty  in  recognizing 
the  strawberry  plant  and  the  apple  tree  as  members  of 
the  same  family. 

This  family  affords  excellent  illustrations  of  the  mean- 
ing  of  the  terms  genus^   speeiea,  and  so  on.     Put  in  a 
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tabular  form,  some  of  the  Bubdivisions  of  the  Rose  family 
are  as  f  oUows  : 


r 

0 


^ 


Flum  genus 


Rose  genus 


Fear  genus 


Peach  species  (many  varieties). 
Garden  plum  species  (many  varieties). 
Wild  black  cherry  species. 
.  Garden  red  cherry  species  (many  varieties). 

Dwarf  wild  rose 

species. 

Sweet-brier  species. 

T  j.  r  Tea  variety. 

India  rose  species       -{  _  '^  , 

l  Pompon  variety,  etc. 

Damask  rose  species. 

C  Seckel  variety. 


Fear  species 


Apple  species 


<  Bartlett  variety. 
[  Sheldon  variety,  etc. 

Baldwin  variety. 
Greening  variety. 
Bellflower  variety. 
Northern  Spy  variety, 
etc. 


254.   Grouping  of  Families Families   are   assembled 

into  classes^  and  these  again  into  larger  ffraups.  The 
details  of  the  entire  plan  of  Classification  are  too  compli- 
cated  for  any  but  professional  botanists  to  master,  but  an 
outline  of  the  scheme  may  be  given  in  small  space. 

The  entire  vege table  kingdom  is  divided  into  two  great 
divisions,  the  first  consisting  of  cryptogams  or  spore-plants, 
the  second  of  phanerogarM  or  seed-plants.  Here  the  rela- 
tions  of  the  various  subdivisions  may  best  be  shown  by  a 
table.i 


1  This  is,  of  course,  only  for  consultation,  not  to  be  committed  to  memory. 


j  j.^Z^Zj   -\-      J   31  r.a3T 


1  ii^ 


>  r  - 
5* 
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Division  II 

Phanerooams  or  . 

Seed-Plamtb 


Class  I 
Gymkosperms  or  seed-plants   with   naked  ovo- 
ries,  such  as  pines,  spruces,  cedars,  and  maiiy 
other  evergreen  trees. 

SUBCLAS»  I 

Class  II  Monocotyledonous 

Angiosperms  or  Plants 

seed'plants  with  Sübclass  II 

closed  ovaries  Dicotyledonous 

Plants 


256.  The  Croups  of  Cryptogams.  —  The  student  is  not 
to  suppose  that  the  arrangement  of  cryptogams  into  the 
four  great  groups  given  in  the  precedmg  table  is  the  only 
way  in  which  they  could  be  classed.  It  is  simply  one 
way  of  dividing  up  the  enormous  number  of  spore-bearing 
plants  into  sections,  each  designated  by  marked  character- 
istics  of  its  own.  But  the  amount  of  difiference  Iwtween 
one  group  and  another  is  not  always  necessarily  the  same. 
The  pteridophytes  and  the  bryophytes  resemble  each 
other  mach  more  closely  than  the  latter  do  the  thallo- 
phytes,  whüe  the  myxothallophytes  are  but  little  like  other 
plants  and  it  is  extremely  probable  that  they  are  really 
animals. 

The  classes  given  in  the  table  do  not  embrace  all  known 
cryptogams,  but  only  those  of  which  one  or  more  repre- 
sentatives  are  described  or  designated  for  study  in  this 
book.  Lichens  in  one  sense  hardly  form  a  class,  but  it  is 
most  convenient  to  assemble  them  under  a  head  by  them- 
selves,  on  account  of  their  extraordinary  mode  of  Ufe,  a 
partnership  between  algse  and  fungi. 

257.  The  Classes  of  Seed-Plants.  —  The  gymnosperms 
are  much  less  highly  developed  than  other  seed-plants. 
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The  angiosperms  constitute  the  great  majority  of  seed- 
plants  (or,  as  they  have  been  more  commonly  called, 
flowering  plants).  Only  one  family  of  gymnosperms  (the 
Coniferqi)  is  described  in  Part  III  of  this  book,  though 
there  are  other  families  of  great  interest  to  the  botanist, 
but  with  no  representatives  growing  wild  in  the  Northern 
United  States. 

When  people  who  are  not  botanists  speak  of  plants 
they  nearly  always  mean  angiosperms.  This  class  is  more 
interesting  to  people  at  large  than  any  other,  not  only  on 
account  of  the  comparatively  large  size  and  the  eon- 
spicuousness  of  the  members  of  many  families,  but  also 
on  account  of  the  attractiveness  of  the  flowers  and  fruit 
of  many.  Almost  all  of  the  book  which  precedes  the 
present  chapter  (except  Chapter  XII)  has  been  occupied 
with  seed-plants. 

Seed-plants  of  both  classes  frequently  oflfer  striking 
examples  of  adaptation  to  the  conditions  under  which 
they  live,  and  these  adaptations  have  lately  received  much 
study,  and  are  now  treated  as  a  separate  department  of 
botany  (see  Part  II). 


CHAPTER  XX 
TYPES  OF  CRTPT06AMS;   THALLOPHYTES 

258.  The  Group  Thallophytes.  —  Under  this  head  are 
classed  all  the  multitude  of  cryptogams  which  have  a 
plant-body  without  true  roots,  stems,  or  leaves.  Such  a 
plantrbody  is  called  a  tJiallus.  In  its  simplest  form  it  con- 
sists  of  a  portion  of  protoplasm  not  enclosed  in  a  cell-wall 
and  without  much  of  any  physiological  division  of  labor 
among  its  parts  (Fig.  125).  Only  a  little  less  simple  are 
such  enclosed  cells  as  that  of  Pleurococcus  (Sect.  278)  or 
one  of  the  segments  of  Oscillatoria  (Sect.  268).  The  most 
complex  thallophytes,  such  as  the  higher  algSB  and  fungi, 
have  parts  definitely  set  aside  for  absorption  of  food  and 
for  reproduction.  The  latter  is  sometimes  accomplished 
by  more  than  one  process  and  is  occasionally  aided  by 
some  Provision  for  scattering  the  reproductive  bodies  or 
spores  about  when  they  are  mature. 

259.  Spores.  —  Before  beginning  the  study  of  spore- 
plants  it  is  well  for  the  Student  to  know  what  a  spore  is. 
A  spore  is  a  cell  which  becomes  free  and  capable  of  develop- 
ing  into  a  new  plant,  Spores  are  produced  in  one  of  two 
ways :  either  asexually^  f rom  the  protoplasm  of  some  part 
of  the  plant  (often  a  specialized  spore-producing  portion), 
or  sexiLally^  by  the  combination  of  two  masses  of  proto- 
plasm, from  two  separate  plants,  or  from  diflferent  parts  of 
the  same  plant. 
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Asexually  produced  spores  are  sometimes  formed,  each 
by  the  condensation  of  the  protoplasm  of  a  single  cell,  as 
shown  in  Fig.  174,  E.  They  are  also  formed  by  the  Con- 
tents of  spore-cases  breaking  up  into  many  spores  (Fig. 
173,  Bi  Fig.  210,  2>).  Spores  are  sometimes  produced  by 
the  spontaneous  division  of  a  mass  of  protoplasm  into  a 
small  definite  number  of  segments  (Fig.  188,  t),  Spores 
which  have  the  power  of  moving  (swimming)  freely  are 
known  as  zoö'spores  (Fig.  179,  B). 

Sexually  produced  spores  are  formed  in  many  ways. 
One  of  the  simplest  modes  is  that  shown  in  Fig.  178, 
resulting  in  zi/gospores,  Other  methods  are  illustrdted  in 
Figs.  186  and  187.i 

THE   STUDY  OF   SLBfE  MOÜLDS« 

260.  Occnirence.  —  Slime  moulds  occur  in  greenhouses,  in  tan- 
yards,  or  on  old  logs  and  decaying  leaves  in  woods.  They  niay  be 
cultivated  in  the  laboratory. 

They  have  been  described  in  their  vegetative  eondition  on  page  179. 

261.  Examination  with  the  Magnifying  Glass.  —  Stemonitis  is  one 
of  the  most  available  genera  to  illustrate  the  fruiting  of  slirae  moulds. 
At  maturity  the  motile  protoplasm  of  the  vegetative  stage  quickly 
transforms  itself  into  numerous  sporangia  or  spore-cases  with  dust- 
like  spores.  With  the  naked  eye  and  with  a  magnifying  glass  note 
the  color,  form,  and  feathery  appearance  of  the  spore-case  of  Stemo- 
nitis. The  outer  wall  disappears  at  an  early  stage,  leaving  only  an 
inner  structure  and  spores.  Sketch  the  general  outline  under  a 
magnifying  glass. 

262.  Examination  with  the  Hicrosoope.  —  With  a  low  power  of 
the  microscope  sketch  the  network  of  branching  hairs  which  com- 
pose  the  structure  of  the  sporangium.     Note  the  presence  or  absence 

1  See  Vine's  StvdenVs  Text-Book  of  Botany,  pp.  68-71. 
3  This  should  logically  precede  Sect.  258. 
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of  a  central  column.  Have  any  of  the  branches  free  tips  ?  With  a 
power  of  250  or  more  examine  the  spores.  A  much  higher  power 
may  be  used  to  advantage.     Describe  the  surface  of  the  spore. 


THE   STUDY  OF  BACTERTA 


Occnrrence.  —  "  Bacteria  may  occur  anywhere  but  not  every- 
where."    In  water,  air,  soll,  and  almost  any  organic  substance,  living 


Fio.  173.  —  Spore-Cases  of  Sllme  Moulds. 

Af  a  group  of  sporeHmses  of  Arcpria ;  B^  a  spore-case  of  Trichia^  bunting  op«n 
and  ezposing  it«  spores  to  the  wind,  x  ao ;  C,  threads  of  the  same,  with  spores 
between  them,  x  250. 

or  dead,  some  species  of  plant  belonging  to  the  group  Bacteria  may 
occur.  A  small  bunch  of  hay  placed  in  a  tumbler  of  water  will,  at  a 
suitable  temperature,  yield  an  abundant  crop  in  a  few  daya  or  hours. 
Raw  peas  or  beans  soaked  for  a  week  or  two  in  water  in  a  warm 
place  will  afford  a  plentiful  supply. 

264.  Cultures.  —  Pure  cultures  of  bacteria  are  commonly  made  in 
some  preparation  of  gelatine  in  steril ized  test-tubes.  Boiled  potatoes 
serve  a  good  purpose  for  simple  (but  usually  not  pure)  cultures. 

Select  a  few  small  roundish  potatoes  with  skins  entire  and  boil 
in  water  for  a  sufficient  time  to  cook  them  through.  Cut  them  in 
halves  with  a  knife  well  scalded  or  sterUized,  i.e.,  freed  from  all  living 
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organisiiiB  in  a  flame,  and  lay  each  on  a  saucer,  with  cut  sorface  up, 
covering  each  with  a  glass  tumbler.  The  tumblers  and  saacers 
should  bewell  scalded  or  kept  in  boiling  water  for  half  an  hour  and 
used  without  wiping.  Sterilization  may  be  improved  by  baking 
them  in  an  oven  for  an  hour. 

265.  Inoculation.  —  The  culture  media  prepared  as  above  may 
now  be  inoculated.  üncover  them  only  when  necessary  and  quickly 
replaoe  the  cover.  Scrape  a  little  material  from  the  teeth,  tongue, 
kitchen  sink,  floor  of  house  or  schooh*oom,  or  any  other  place  you 
may  desire  to  investigate.  With  the  point  of  a  knife  blade  or  a 
needle  sterilized  in  a  flame,  inoculate  a  particle  of  the  material  to  be 
cultivated  into  the  surface  of  one  of  the  potatoes.     Several  cultures 

A  B  C  D  E 

Fio.  174.  —  Bacteria  stained  to  show  Cilia. 

A,  Baeillua  subtilis  ;  B,  Bacillus  typhi  (tbe  bacillus  of  typhoid  feyer) ;  C,  Baciltue 
tetani  (tbe  bacilluB  wbiob  causes  lockjaw) ;  D,  Spirillumundula ;  JS,  Bacillus 
tetani  forming  spores.    (All  flve  are  magnified  1000  diameters.) 

may  be  made  in  this  way  and  one  or  more  left  uninoculated  as 
checks.  Another  may  be  left  uncovered  in  the  air  for  half  an  hour. 
Others  may  be  made  with  uncovered  potatoes.  Number  each  culture 
and  keep  a  numbered  record. 

Keep  watch  of  the  cultures,  looking  at  them  daily  or  oftener.  As 
soon  as  any  change  is  notieed  on  the  surface  of  a  culture,  make  a 
descriptive  note  of  it  and  continue  to  record  the  changes  which  are 
Seen.  Note  the  color  of  the  areaa  of  growth,  their  size,  outline,  ele- 
vation  above  the  surface,  and  any  indications  of  wateriness.  Any 
growth  showing  peculiar  colors  or  other  characters  of  special  inter- 
est  may  be  inoculated  into  freshly  prepared  culture  media,  using 
any  additional  precautions  tliat  are  practicable  to  guard  against 
poutamination. 


TYPES  OF  CRYPTOGAMS;  THALLOPHYTES     239 

266.  Microaooplc  Examination Exainine  some  of  the  cultures. 

Place  a  particle  of  the  growth  on  a  slide,  dilute  it  with  a  drop  of 
clear  water,  and  place  a  cover-glass  over  it.  Examlne  yfiii\  the 
highest  obtainable  power  of  the  microscope,  at  least  ^  io.  objective. 
Note  the  forma  and  movements,  also  the  sizes  if  practlcable,  of  any 
bacteria  that  are  found. 

THE   STUDY  OF   OSCILLATORIA » 

267.  Occiirrence.  —  OsciUatoria  may  occur  floating  in  stagnant 
water  or  on  damp  soll  in  ditches,  roadsides,  dooryards,  paths,  or 
pots  in  greenhonses.  Other  nearly  related  plants  occnr  on  surfaces 
of  ponds  sometimes  covering  considerable  areas  or  adhering  in  small 
spheres  to  submerged  Vegetation.  Algse  of  this  class  are  particu- 
larly  noxious  in  water  supplies,  as  they  partake  of  the  natiire  of 
bacteria,  to  which  they  are  related. 

268.  Examination  with  the  Microscope.  —  After  washing  a  particle 
of  OsciUatoria  material  in  a  drop  of  water  to  remove  as  much  of  the 
earth  as  possible,  place  it  in  a  clean  drop  of  water,  pull  to  shreds 
with  needles,  cover,  and  examine  under  a  power  of  200  or  more 
diameters. 

Note  the  color  and  compare  it  with  Chlorophyll  green. 

The  filaraent  is  not  one  plant,  but  each  of  the  cells  which  com- 
pose  it  is  one  plant.  They  are  packed  together  in  the  filament  like 
coins  and  sometimes  may  be  found  separating  singly.  The  usual 
mode  of  reproduction  is  by  the  Separation  of  a  number  of  adhering 
cells  as  a  short  filament  from  one  end  of  a  longer  one,  and  this 
increases  in  length  by  the  dividing  of  its  individual  cells. 

269.  Movement.  —  At  ordinary  temperatures,  f avorable  to  growth, 
movement  may  be  observed  in  the  filaments.  Describe  the  move- 
ment.    What  has  it  to  do  with  the  name  of  the  plant  ? 

^  A  geuus  of  the  class  Schizophycem. 
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THE  STUDY  OF  DIATOMS 

270.    Occurrence.  —  Diatoms  of  different  species  may  be  found  in 
Sediment  in  water  in  various  kinds  of  places  or  mixed  with  or 

adhering  to  fresh-water  or  mar 
rine  algae,  in  ponds  and  ditches 
or  on  sand  or  earth  at  the 
bottom  of  clear  brooks.  In  the 
last  place  they  may  be  detected 
with  the  eye,  forming  a  yellow- 
ish  coloriug.  They  may  often 
be  obtained  by  straining  hy- 
drant  water.  Where  diatoms 
have  been  very  abundant  their 
remains  sometimes  form  beds 
of  rock,  and  fossil  diatoms 
compose  some  of  the  polishing 
powders  of  commerce. 

271.  Microscopical  Examina- 
tion  of  Diatoms.  —  Place  a  drop 
of  water  containing  diatoms  on 
a  slide  and  put  a  cover-glass 
over  it.  Examine  with  a  power 
of  200  or  more  diameters.  Diar 
tonis  occur  singly,*  resembling 
triangles,  wheels,  boats,  rod?, 
and  a  great  variety  of  other 
forms  (Fig.  176),  or  adhering 
in  long  bands,  as  spokes  of  a 
wheel,  etc.  The  boat-shaped 
kinds  are  among  the  common- 
est.  The  color  of  the  Contents 
is  yellowish.  The  cell-wall  is 
encrusted  with  a  shell  of  silica 
whose  gurface  is  covered  with  beautiful  markings,  dots  or  lines, 
which  are  conspicuous  in  some  species,  in  others  so  minute  that  the 
^ost  powerful  microscopes  are  required  to  detect  them.     By  boiling 


FlO.  175.  —  Schizophyce«. 
A,  a  fllament  of  CcUothrix,  reproducing  by 
hormogonia,  h,  segmented  portions  which 
escape  from  the  Bheath  of  the  fllament ; 
B,  Rivularia.  (Both  A  and  B  greatly 
magnlfled.) 
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in  nitric  acid,  the  cellulose  wall  and  its  conteuts  may  be  destroyed 
and  the  roarkings  of  the  siliceous  shell  more  easily  observed.  £ach 
diatom  consists  of  a  single  cell. 

272.  Moyements  of  Diatoms.  —  Living  diatoms  exhibit  a  peculiar 
power  of  movement.     In  the  boat-shaped  species  the  movement  is 

much  like  that  of  a  row-boat,  forward  or  backward. 

t 

THE   STUDY  OF  SPIROGYRA 

273.  Occurrence.  —  Spirogyra^  one  of  the  plants  commonly  known 
as  pond-scum,  or  "  frog-spit,"  occurs  widely  distributed  throughout 
the  country  in  ponds,  Springs, 
and  clear  streams.  It  is  of  a 
green  or  yellowish-green  color, 
and  in  sunny  weather  usually 
floats  on  or  near  the  surface  of 
the  water,  buoyed  up  by  the 
numerons  oxygen  bubbles  which 
it  sets  free.  It  may  be  found 
flourishiDg  in  unfrozen  Springs, 
even  in  midwinter. 

274.  Examination  with  the 
Hagnifying  Glass.^  —  Float  a 
little  of  the  material  in  a  white 
plate,  using  just  water  enough 
to  Cover  thö  bottoin  of  the  latter. 
§tudy  with  the  magnifying  glass 
and  note  the  green  color  of  the 
threads  and  their  great  length 
as  compared  with  their  thick- 
ness.  Are  all  the  filaments  about 
equal  to  each  other  in  diameter  ? 

Handle  a  mass  of  the  material  and  describe  how  it  feels  between 
the  fingers. 

275.  Examination  with  the  Microscope.  —  Mount  in  water  under 
a  large  cover-glass  and  examine  first  with  a  po>ver  of  about  100 


PlO.  176.  —  A  Group  of  Diatoms. 

Aj  Achnanthea;   B,  Cocconema; 
Ct  Meridian;  7>,  Pleurosigma. 


*  Consult  Huzley's  Biology  and  Spaldinj^'s  Introduction  to  Botany. 
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diameters,  then  with  a  power  of  200  diameters  or  more.  Note  the 
structure  of  the  filaments.  Of  what  iü  each  made  up?  Compare 
with  the  structure  of  Oscülatoria, 

Move  the  slide  so  as  to  trace  the  whole  length  of  several  filaments, 
and,  if  the  unbroken  end  of  one  can  be  found,  study  and  sketch  it. 

Study  with  the  higher  power  a  single 
cell  of  one  of  the  larger  filaments  and 
ascertain  the  details  of  structure.  Trj' 
to  discover,  by  f  ocusing,  the  exact  shape 
of  the  cell.  How  do  you  know  that 
the  cells  are  not  flat?  Count  the  bands 
of  Chlorophyll.  The  number  of  bands 
is  an  important  characteristic  in  dis- 
tinguishing  one  species  from  another. 
Run  in  five-per-cent  salt  Solution  at 
one  edge  of  the  cover-glass  (withdraw- 
ing  water  from  the  other  edge  with  a 
bit  of  blotting  paper).  If  any  change 
in  the  appearance  of  the  cell  becomes 
evident,  make  a  sketch  to  show  it. 
What  has  happened  to  the  cell-con- 
tents?  Explain  the  cause  of  the 
change  by  reference  to  what  you  know 
of  osmose. 

On  a  freshly  mounted  slide  run 
under  the  cover-glass  iodine  Solution, 
a  little  at  a  time,  and  note  its  action 
on  the  nucleus.  Is  any  starch  shown 
to  be  present?  If  so,  just  how  is  it 
distributed  through  the  cell? 

276.  Reproduction  of  Spirogyra. — 
Tlie  reproductive  process  in  Spirogyra 
is  of  two  kinds,  the  simplest  being  a  process  of  ßssion^  or  cell- 
di Vision.  The  nucleus  undergoes  a  very  complicated  eeries  of 
transformations,  which  result  in  the  division  of  the  protoplasmic 
Contents  of  a  cell  into  two  indei>endent  portions,  each  of  which  is 
«t  length  surrouuded  by  a  complete  cell-wall  of  its  own.     In  Fig.  176 


Fio.  177.  — Proce«8  of  Cell-Maltl- 
plication  in  a  Specie«  of  Pond- 
Scum.  (CoDsiderably  magnified.) 

v4,  portion  of  a  filament  partly 
separated  at  a  and  oompletely 
80  at  6;  ^,  separatlou  nearly 
oompleted,  a  new  partition  of 
cellulose  formed  at  a;  (\ 
another  portion  more  magni- 
fied, showiug  mucous  oovering 
rf,  general  cell-wall  c,  and  a 
delicate  membrane  a,  which 
Covers  the  oell-contents  b. 
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the  division  of  the  protoplasm  and  formation  of  a  partition  of 
cellulose  in  a  kind  of  pond-scum  are  shcxwn,  but  the  nucleus  and  its 
changes  are  not  represented. 

Another  kind  of  reproduction,  namely  by  conjugation,  is  found  in 
Spirogyra.  This  process  in  its  simplest  form  is  found  in  such 
unicellular  plants  as  the  desmids 
(Fig.  178).  Two  cells  (apparently 
precisely  alike)  come  in  coutact, 
undergo  a  thinning-down  or  absorp- 
tive  process  in  the  cell-walls  at  the 
point  of  contact,  and  finally  blend 
their  protoplasmic  cell-contents,  as 
shown  in  the  figure,  to  form  a  mass 
known  as  a  spore,  or  more  accu- 
rately  a  zygospore,  f rom  which,  af ter 


FlO.  178.— Gonjugation  of  OIIb  of  Green  Algw.    (Much  magnifled.) 

I.  Gonjugation  of  Desmids.  yf ,  a  Single  plant  in  its  ordinary  condition  ;  /?,  empty 
cell-wall  of  another  individual ;  C,  conjngation  of  two  individuals  to  form  a 
spor^by  union  of  their  cell-oontents. 

II.  Conjngation  of  Spirogyra.  A,  two  tiloments  of  Spirogyra  side  by  side,  with 
the  Contents  of  adjacent  cells  uniting  to  form  spores,  z.  At  the  bottom  of  the 
fignre  the  process  is  shown  as  beginning  at  the  top  as  completed,  and  the  cells 
of  one  filament  emptied ;  /?,  a  Single  fllament  of  another  kind  of  Spirogyra^ 
containing  two  spores,  one  lettered  z.  (A  magnifled  240  diameters,  B  IGO 
diameters.) 

a  period  of  rest,  a  new  individual  develops.  In  Spirogyra  each 
cell  of  the  filament  appears  to  be  an  individual  and  can  conjugate 
like  the  one-celled  desmids.  It  is  not  easy  to  watch  the  process, 
since  the  spore-formation  takes  place   at  night.      It  is 
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however,  to  retard  the  occurrence  of  conjugation  by  leaving  the 
Spirogyra  filaments  in  very  cold  water  over  night,  and  in  this  way 
the  successive  Steps  of  the  conjugating  process  may  be  studied  by 
daylight.  In  such  ways  the  series  of  phenomena  shown  in  Fig. 
178,  II,  has  been  accurately  followed.  If  the  student  cannot  follow 
these  Operations  under  the  microscope,  he  may,  at  least,  by  lookin g 
over  the  yellower  portions  of  a  mass  of  Spirogyra  find  threads  con- 
taining  fully  formed  zygospores,  like  those  shown  in  B,  Fig.  178. 


THE   STUDY  OF  PLEUROCOCCüS 

277.  Occurrence.  —  Pleurococcus  may  be  fonnd  on  old  fences, 
roof  s,  and  many  similar  places,  particularly  on  the  bark  of  the  north 
side  of  trees.  The  individual  plants  cannot  be  detected  by  the  naked 
eye,  bat  when  grouped  in  masses  they  form  a  powdery^een  covering 
over  indefinite  areas  of  bark.     Plenty  are  seen  where  it  is  nioist 

278.  Microscopical  Ezamination  of  Pleurococcus.  —  Scrape  a  minute 
quantity  of  Pleurococcus  from  a  specimen  on  bark,  place  it  in  a  drop 
of  water  on  a  slide,  distributing  it  slightly  in  the  water,  lay  on  it 

a  cover-glass  and  ex- 
amine  with  a  power  of 
200  or  more  diameters. 
Sketch  with  the  com- 
era  lucida  one  of  the 
largest  cells,  some  of 
intermediate  size,  and 
one  of  the  smallest, 
beside  several  divisions 
of  the  stage  microm- 
eter. 

Note  the  clearly  de- 
fined  cell-wall  of  cel- 
lulose,  enclosing  the 
protoplasmic  contents, 
usually  green  through- 
out.  Do  any  cells  show  a  nucleus  like  that  in  Fig.  179,  A  ? 
Test  the  cells  with  iodine  Solution  for  starch. 


FlO.  179.— Two  Cell»  of  Protococcus. 
(Greatly  magnilied.) 

v4,  a  spherical  cell  of  the  still  form ;  By  a  motile  cell 
with  its  protoplasm  enclosed  in  a  loose  cell-wall  and 
provided  with  two  cilia. 
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Kote  that  in  reproduction  the  cell-contents  in  many  individuals 
has  divided  into  two  paris  ^'hich  become  separated  from  each  other 
bj  a  cellulose  partition.  Each  of  these  again  divides,  and  the  proc- 
ess  continues  until  thirty-two  or  more  cells  may  be  found  in  one 
mass  or  they  may  fall  apart  at  an  earlier  stage. 

279.  Nntritioii  of  Pleurococciis.  —  Pleurococcus  can  flourish  only 
with  an  abundance  of  light  and  moistiire.  In  daylight  it  can  absorb 
carbon  dioxide  and  fix  carbon  (giving  off  the  oxygen  at  the  same 
time  as  bubbles  of  oxygen)  and  can  assimilate  mineral  substances. 
It  is  a  capital  example  of  an  indlvidual  cell  capable  of  independent 
existence. 

280.  Motile  Forma.  —  No  motile  form  is  known  in  Pleurococcus, 
JIcematoccuSy  often  known  as  Protococcus  (Fig.  179),  is  a  better  object 
for  study  than  Pleurococcus,  It  may  sometimes  be  found  in  water 
of  stagijant  pools,  particularly  those  which  contain  the  drainage  of 
barnyards  or  roanure-heaps,  in  mud  at  the  bottom  of  eaves-troughs, 
in  barreis  containing  rain-water,  or  in  water  standing  in  cavities  in 
logs  or  stumps.  Its  presence  is  indicated  by  a  greenish  or  some- 
times by  a  reddish  color.  It  is  sometimes  found  in  an  actively 
swimming  condition,  in  which  case  each  cell  is  called  a  zoöspore, 

THE   STUDY   OF   VÄUCIIERIA 

281.  Occurrence.  —  Species  of  Vaucheria  are  found  in  jDonds, 
streams,  and  pools,  immersed  or  floating  like  Spirogyra  and  at  all 
seasons  may  be  sought  in  greenhouses,  where  they  grow  on  the  moist 
earth  of  beds  and  pots,  forming  a  green  feit. 

282.  Examination  with  the  Magnifjring  Glass.  —  The  magnifying 
glass  will  show  the  growth  of  Vaucheria  to  consist  of  numerous 
green  filaments  similar  to  those  of  Spirogyra.  Select  a  small  portion 
and  spread  out  the  filaments  carefuUy  in  a  drop  of  water  on  a  slide. 
Does  the  glass  reveal  any  indications  of  cross-partitions,  of  branch- 
ing,  or  of  f ruiting  organs  as  short  lateral  branches  ?  Does  it  show 
the  form  or  arrangeraent  of  the  green  coloring  matter? 

283.  Examkiatioii  with  the  Hicroscope. — Prepare  as  directed 
for  the  magnifying  glass  and  place  a  cover-glass  over  the  prepara- 
tion,  with  sufficient  water.     AVith  the  lowest  power   observe  the 
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continuity  of  the  cell-cavity  and  (in  young  plants  growing  on  soil) 
search  for  root-like  portions,  in  those  growing  in  water  for  branch- 
ing  portions,  and  fruiting  organs  in  the  form  of  swellings  or  short 
lateral  branches. 

With  a  power  of  about  thirty  to  sixty  diameters  sketch  a  selected 
plant  of  moderate   extent   as.  nearly  complete  as  possible  or  eise 


Fio.  180.—  Vaucheria  synandra, 

Aj  a  fllkment  with  archegonia  and  anthcridia  (considerably  magnifled) ;  B,  part 
of  same  much  more  highly  magnifled  ;  o,  oögonium  ;  a,  antheridium  ;  C\  a 
later  stage  ot  B;  D,  end  of  a  filäinent  with  a  zoöspore,  z,  escaping  (highly 
magnifled). 


sketch  a  portion  showing  the  branching  and  a  root-like  iwrtion. 
Note  and  indicate  the  absence  or  presence  and  arrangement  of 
Chlorophyll.     Can  Vaucheria  probably  ose  carbon  dioxide? 

284.  Reproduction  in  Vaucheria.  —  Make  an  outline  sketch  of 
fruiting  organs,  if  found.  See  if  any  filaments  can  be  found  with 
the  Contents  massing  or  escaping   at  the  tips.      In  some   species 
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zoöspores  are  formed  in  this  way,  having  their  entire  surface  clothed 
with  cilia.  They  are  the  largest  motile  cells  known.  In  other  spe- 
cies  a  portion  of  the  filament  is  separated  and  cut  off  by  a  cell-wall. 
Such  spores  soon  germinate  and  may  be  found  in  various  stages  of 
growth.  They  often  serve  for  propagation  through  several  genera- 
tions  before  spores  are-produced  by  fertilization. 

With  a  power  of  about  200  diameters  sketch  a  portion  of  a  fila- 
ment to  Bhow  the  form  and  location  of  Chlorophyll.  Sketch  the 
fruiting  organs  in  detail,  if  any  can  be  found.^ 

Antheridia  and  oögonia  are  formed  near  together  on  the  same 
filament.  The  antheridium  is  a  cell  forming  the  terminal  portion 
of  a  short  branch,  which  is  rather  slender,  straight  or  curved.  Its 
Contents  form  numerous  minute  antherozoids,  each  with  two  cilia. 
The  cilia  can  be  seen  only  with  great  difficulty,  if  at  all,  but  their 
presence  is  indicated  by  their  active  movements. 

The  oögonium  is  a  short,  somewhat  spheroidal  branch  separated 
by  a  cross-partition  at  the  base.  The  cell-wall  becomes  ruptured  at 
the  tip,  allowing  the  entrance  of  the  antherozoids  by  which  it  is 
fertilized.  After  fertilization  a  cell-wall  is  formed  about  the  oösphere, 
and  it  matures  as  an  oöspore  and  enters  upon  a  period  of  rest. 

THE   STUDY   OF   NITELLA 

285.  Occmrence.  —  Nitella  is  a  green  plant  growing  attached  to 
the  bottom  of  ponds  and  streams,  usually  in  shallow  water.  It  is 
not  common  everywhere  but  is  widely  distributed.  Ohara  is  similar 
and  may  l)e  used  as  a  Substitute  but  is  more  complicated. 

286.  General  Aspect.  —  With  the  naked  eye  and  a  magnify- 
ing  glass  note  the  general  aspect  of  Nitella,  the  length  of  the  stem- 
like  portions,  from  the  root-like  parts  to  the  tip,  the  length  of  sorae 
of  the  joints  (internodes),  the  arrangement  of  leaf-like  and  branch- 
like  portions. 

287.  Protoplasm.  —  Examine  the  cells  of  stems  or  leaves  under  a 
low  power.     Select  a  vigorous  cell  of  moderate  size  and  examine 

1  Groebel  states  that  the  formation  of  the  fruiting  organs  hegins  in  the  even- 
ing,  is  completed  the  next  morning,  and  that  fertilization  takes  place  during 
the  day  between  ten  and  four  o'clock. 
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under  a  power  of  200  or  more  diameters.  Select  the  terminal  cell 
of  the  leaf  if  Cham  is  used.  The  protoplasm  is  nearly  colorless  but 
usually  coutains  bodies  which  can  be  seen  moving  in  the  current  of 
protoplasm.  The  protoplasm  will  show 
normal  activity  at  the  temperature  of  a 
comfortable  living  room.  By  focusing,  see 
if  the  current  of  protoplasm  can  be  detected 
moving  in  more  than  one  direction. 

Note  the  form  and  arrangement  of  the 
Chlorophyll  and  any  places  lacking  Chloro- 
phyll, and  see  if  you  can  teil  whether  the 
arrangement  has  any  relation  to  the  current 
of  protoplasm.  AVith  a  low  power  trace  the 
course  in  several  cells.  How  many  cells  con- 
stitute  each  intemodc  of  Nitella  f  If  Ohara 
is  used,  intemodes  will  be  found  to  be 
covered  with  a  layer  of  many  corticating 
cells.  Under  a  high  power  compare  the 
general  structure  of  node  and  internode  and 
see  if  the  attachment  of  leaves  and  branches 
can  be  clearly  det<?rmined.  Compare  the  tip 
of  a  leaf  with  the  tip  of  a  stem  or  branch 
if  the  material  permits.  Are  the  fruiting 
Organs  produced  on  the  stems  or  the  leaves  ? 
288.  Antheridia.  —  The  antheridia  are 
globular  bodies,  bearing  male  fertilizing 
cells  and  becoming  red  at  maturity  (Fig. 
182).  Eight  cells  compose  the  outer  wall. 
They  have  radial  lines  indicating  folds  and 
join  one  another  by  irregulär  sutures.  Note 
a  round  spot  in  the  middle  of  each  cell 
which  marks  the  point  of  attachment  within 
of  the  stalk  on  which  antherozoid-producing  cells  are  borne. 

289.  Oögonia.  —  The  egg-shaped  fruits,  known  as  oögonia  (Fig. 
182),  are  borne  near  the  antheridia  in  monoecious  species.  Count 
the  number  of  ]X)inted  cells  which  constitute  the  "  crown  "  of  the 
fruit.     Does  each  tip  consist  of  one  or  two  short  cells?    Examine 


Fio.  181.  — End  of  a  Main 
Shoot  of  Chara.  (About 
natural  size.) 
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the  surface  of  the  enveloping  cells  which  enclose  the  spore.  AVhat 
is  their  number  and  form  ?  What  is  their  relation  to  the  cells  form- 
ing  the  crown  ?  Focus  so  as  to  see  the  large  egg-cell  (oösphere  or 
oöspore)  which  constitutes  the  center  of  the  fruit  Can  you  determine 
anything  regarding  its  contents? 

Search  for  young  oögonia  and  if  practicable  describe  and  draw 
them  in  several  stages  of  development.  Their  structure  can  be  seen 
much  more  easily  than  that  of  the 
antheridia.  Make  drawings  to  illus- 
trate  various  details  of  structure. 

290.  Charace».  —  Nitella 
and  Ohara  are  the  genera 
composing  the  group  Chara- 
cecB^  a  group  of  green  alg» 
differing  widely  from  any 
others.  They  show  in  a  won- 
derful  manner  simplicity  of 
cell-structure  with  a  high 
degree  of  Organization. 
Scarcely  less  vvonderful  are 
the  care  and  preclsion  with 
which  botanists  have  worked 
out  their  life  history.  As  a  study  in  evolution  the  Characece 
may  be  considered  as  representing  the  highest  develop- 
ment attained  along  the  line  of  filamentous  green  alga3, 
which,  while  preserving  their  algal  characteristics,  are 
comparable  in  a  remarkable  degree  with  moss-  and  fem- 
plants  and  with  seed-plants.  Eveiy  cell  in  the  plant  has 
been  accounted  for  and  is  understood  in  regard  to  origin, 
relationship,  and  function.  With  harmony  of  structure 
throughout,  it  has  organs  comparable  to  root,  stem,  and 
leaf  in  seed-plants,  each  with  characteristic  structure  and 


PlO.  182.  —Part  of  a  I^ftf  of  Fig.  181. 

(ConsUlerably  magnified.) 
a,anth<!r{<l{uin  ;  o,oögoniuiii.    At  the 

right  are  a  young  antheridium  and 

archegonium. 
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mode  of  growth.  The  stem  has  nodes  and  internodes. 
The  stem  increases  by  the  growth  of  an  apical  cell,  but 
growth  in  length  depends  chiefly  on  the  elongation  of  each 
internodal  cell  instead  of  the  multiplication  of  numerous 
internodal  cells. 


THE   STUDY   OF   ROCKWEEDi 

291.    Occurrence.  —  The   common  rockweed  is  abundant  every- 
where  on  rocks,  between  high  and  low  tide,  on  the  New  England 
coast  and  southward. 

292.  The  Frond.  —  A  plant  of  rockweed 
consists  mostly  of  a  growth  which  is  some- 
what  leaf-like,  but,  in  fact,  stem  and  leaf 
are  not  separat^ly  developed,  and  the  growth 
is  therefore  called  a  thcUlus.  This  combined 
stem  and  leaf  has  many  flat  leathery 
branches  which  are  buoyed  up  in  the  water 
by  air-bladders.  Cut  one  of  the  bladders 
open  and  note  its  form  and  appearance.  Note 
whether  they  oecur  singly  or  how  grouped. 
Note  the  prominent  midrib  running  through- 
out  the  middle  of  each  branch.  Examine 
the  swollen  tips  of  some  of  the  branches  and 
note  their  peculiarities.  Sketch  a  portion 
of  a  frond  to  show  the  characteristics  so  far 
noted. 

293.  Reprodaction.  —  Cut  acrossthrough 
the  middle  of  one  of  the  swollen  fmiting 
tips.  Note  the  fruiting  papillae  (concep- 
tacles)  SL8  they  appear  in  this  section,  and 
make  a  simple  sketch  to  show  their  position. 

Select  some  plants  with  brighter  colored 

Fio.  183.- Part  ofThallusof  tips  and  some  less  bright,  if  any  difference 

a  Rockweed  {Fucus  platy-  ^                  ^ 
carptM), natural size.   The 

two  uppermost  branchlets  ^  Fucus  vesiculosus  is  the  most  available  species. 

are  fertile.  Others  may  be  substituted. 
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can  be  detected.  After  making  the 
microscopic  examination  which  follows, 
note  what  correspondence  of  structure 
with  color  has  been  observed.  Cut  very 
thin  sections  through  fruiting  tips  from 
different  plants,  keeping  those  from  each 
plant  separate.  Be  sure  that  some  of 
the  cuts  pass  through  the  conceptacle  as 
near  the  middle  as  possible. 

Examine  with  a  power  of  about  sixty 
diameters  sections  from  different  fronds, 
searching  for  one  kind  containing  rather 
large  egg-shaped  cells  and  another  con- 
taining bundles  of  numerous  smaller 
sac-shaped  cells.  With  a  power  of  200 
diameters  study  the  details  of  the  sec- 
tions. Note  the  character  of  the  cells 
forming  the  surface  of  the  frond,  tliose 
of  the  inner  structure,  and  those  limit- 
ing  the  cavity  of  the  conceptacle.  In  a 
conceptacle  cut  through  the  middle  note 
the  form  of  the  orifice.  Examine  the 
slender  hairs  or  filanients  {paraphyses) 
which,  arising  at  right  angles,  line  the 
walls  of  the  conceptacle. 

294.  Oögonia  and  Antheridia.  —  In 
conceptacles  containing  egg-shaped  cells 
(oögonia)  note  the  form, 
mode  of  attachment  (ses- 
sile  or  stalked),  and  dif- 
ferent stages  of  develop- 
ment.  At  maturity  the 
Contents  are  divided, 
forming  eight  oöspheres; 
but  not  all  can  be  seen 


Fig.  184.  —  liockwetMl  i^Fucus). 

A,  antheridia  bome  on  branch- 
iiig  hairs,  x  160 ;  B,  authero- 
zoids  from  sanio,  x  330. 


Fig.  186.  — Rockweed  (Fuau). 


atonce,  some  being  be-^'^^'*^"™'**®^'*^®°^*^^^*°«^^***®*8^*^^P**®'^®'' 
i.i_  XL       xi  X  160 ;  /?,  an  oösphere,  escaped,  snrrounded  by  an- 

neath  the  others.  therozoid»,  x  igo. 


252 


FOUNDATIONS  OF  BOTANY 


In  conceptacles  of  the  other  kind  examine  the  nuraerous  small 
sao-shaped  cells  (antheridid),  At  maturity  the  coDtents  of  each 
divide  to  form  numerous  very  minute  motile  antherozoids,  each  with 
two  delicate  hairs  or  cilia.    Dissect,  by  picking  and  by  friction  under 

cover-glass,  a  bunch  of 
antheridia  and  note 
the  branching  fila- 
raents  upon  which 
they  are  borne. 

Make  drawings  to 
illustrate  the  varioas 
points  of  ßtructure. 

295.  Niimber  of 
Antherozoids  required 
for  Fertilization.  — The 
biilk  of  an  oösphere 
has  been  estimated 
equal  to  that  of  thirty 
thousand  to  sixty 
thousand  antherozoids, 
but  apparently  an 
oösphere  may  be  fer- 
tilized  by  only  one 
antherozoid.  Yet  a 
large  number  swarm 
around  each  oösphere 
after  both  have 
escaped  from  the  con- 
ceptacles, and  often 
their  movements  are 
so  active  as  to  cause  the  rotation  of  tlie  oösphere.  The  process  of 
fertilization  may  be  discerned  in  fresh  material  by  squeezing 
oöspheres  and  antherozoids  from  their  respective  conceptacles  into 
a  drop  of  water  on  a  slide.  In  some  species,  as  Fucus  platycarpus 
(Fig.  186),  antheridia  and  oögonia  are  found  in  the  saine 
conceptacle. 


Fio.  186.  —  TransTerse  Section  of  Conceptacle  of  a 
Bockweed  {Fucua  platycarpus).    (x  about  36  ) 

A,  hairs  ;  a,  antheridia ;  o,  oögonia. 
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THE   STUDY   OF   NEMALION 

296.  Occnrrenoe.  —  Seven  or  eight  species  of  Nemalion  are  known 
in  the  world,  but  only  one  ^  is  widely  diff used,  being  found  in  Europe 
and  on  the  New  England  coast  from  Rhode  Island  northward.  It 
grows  in  sali  water  attached  to  exposed  rocks  at  low-water  mark. 
Nemalion  represents  the  largest  of  the  groups  of  algae,  nearly  all  of 
which  live  in  salt  water  and  have  the  characteristic  color  ;  but  a  few 
live  in  fresh  water. 

297.  Color.  —  Fresh  specimens  or  those  properly  dried  for  the 
herbarium  show  the  color  which  is  characteristic  of  the  great  group 
to  which  Nemalion  belongs.  Dried  specimens  of  "  Irish  moss " 
(^Chondrus^  and  many  other  species  furnish  good  illustrations.  There 
are  many  variations  of  shade  and  intensity. 

Place  a  piece  of  a  fresh  or  dried  specimen  of  sonie  species  in  a 
beaker  of  fresh  water  over  night  or  longer  and  note  the  color  of  the 
Solution  and  of  the  treated  specimen.  Treat  another  piece  similarly 
with  alcohol.  A  few  genera  related  to  Nemalion  grow  in  fresh 
water.     What  do  you  inf er  regarding  their  color  ? 

298.  Form  and  General  Character.  —  Examine  specimens  of 
Nemalion  and  note  the  size,  shape,  mode  of  branching,  nature,  or 
consistency  of  their  substance.  Examine  a  fragment  of  the  plant 
with  a  power  of  about  sixty  diameters  and  note  how  the  structure 
difFers  from  what  it  appears  to  be  to  the  naked  eye.  Do  cells  appear 
more  densely  packed  or  differently  colored  at  any  points? 

299.  Structure.  —  From  a  small  portion  of  the  plant  cut  thin 
longitudinal  and  transverse  sections  or  pull  it  to  pieces  with  needles 
80  as  to  expose  the  inner  portion.  Place  on  a  slide  under  a  cover- 
glass  in  a  drop  of  water.  With  a  power  of  about  250  diameters  or 
more  examine  the  general  structure  of  the  frond,  as  shown  by  a  slide 
prepared  as  above.  Note  the  central  portion  (axis)  of  the  frond  as 
dissected  out,  consisting  of  long,  slender,  thread-like  cells.  Examine 
and  draw  the  branching  rows  of  cells  which,  radiating  from  the 
axis,  form  the  surrounding  outer  structure  of  the  frond.  Note  the 
tips  of  .these  branches  and  look  for  the  fruiting  organs  and  fruit 
(spores). 

i  yem<ilion  multiflclum. 
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300.  Organs  for  Repro- 
duction. — The  fruiting 
Organs  are  to  be  sought 
on  the  radiating  branching 
filaments  and  are  osually 
produced  in  great  abun- 
dance  dnring'the  sunimer. 
Yarious  stages  of  develop- 
ment  may  be  expected  at 
a  given  time.  The  anther- 
ozoids  are  small  spheres 
without  cilia,  non-motile, 
with  a  thin  cell-wall.  Look 
for  cells  in  which  they  are 
formed  {antherxdid),  occur- 
ring  in  groups  at  the  tips 
of  the  branches.  Compare 
these  with  the  vegetative 
cells. 

301.  Spore-Prodnction. 
— Look  for  spore-producing 
Organs  in  various  stages. 
In  the  young  stage  at  the 
time  of  fertilization,  an- 
therozoids,  carried  by  cur- 
rents  of  water,  may  be 
foand  adhering.  Note  the 
shapeof  the  i\^(Jrichogyne) 
and  thebase  (carpogonium)^ 
and  find  whether  there  is 
any  partition  separating 
them  at  this  stage.  Draw 
or  describe  a  few  later 
stages  in  development»  and 
note    the    arrangenient  of 

the  spores  at  maturity.     Are  they  naked  or  enclosed  in  any  sort  of 
envelope?     Are  they  arranged  in  masses,  chains,  or  otherwise? 


n«.  l.<7.  — Portion«  of  Thjülus  of  a  B«d  Algm 
(Ckcmtrantia'S.    (Mach  magnifled.) 

A^  filaments  with  antberidia,  a  ;  Ä,  young  itM?ep- 
tire  hair.  or  trirhofTt/ne,  t ;  C  and  />,  snocossire 
stag«s  in  the  growth  of  the  cluster«d  fruit,/. 
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302.  Other  Florides.  —  Nemalion  represents  one  of  the  simplest 
modes  of  fniiting  in  the  red  algae.  In  otliers  there  Ib  great  variety  in 
structure  and  great  complication  in  the  inode  of  fruiting.  Some 
species  of  Polysiphonia  (or  Danya)  may  well  be  studied  in  conipari- 
son  with  Nemalion  and  in  further  illustration  of  this  important 
group.*  Understanding  that  a  siphon,  in  algae,  is  a  row  of  cells,  end 
to  end,  study  the  structure  of  a  plant  of  Poly- 
siphonia as  ülustrating  its  name.  How  many 
siphons  are  there?  Do  the  main  branches 
have  any  other  cells  covering  the  surface  (cor- 
ticating  cells)  ? 

Note  the  tufts  of  repeatedly  forking,  one- 
siphoned  filaments. 

303.  Fruiting  of  Polysiphonia. — The  anther- 
idia  are  to  be  sought  ou  the  branching  fila- 
ments  just  mentioned.     Note  how  they  differ 
from  those  of  Nemalion,     The  clustered  fruits 
or  cysiocarps  will  be  recognized  as  ovoid-  o 
globose  or  urnnshaped  bodies  attached 
externally  to  the  frond.     Note  whether  o 
the  group  of  spores  is  naked  or  otherwise,        o 
whether  the  spores  are  produced  singly 
or  in  chains  ;  how  attached ;  shape. 

Many  Floridece  have  another  kind  of 
fruiting  bodies,  spores  produced  without 
fertilization,  coördinate  with  the  asexual 
spores  of  black  inould  (see  Sect.  308). 
In  Florideoe  such  spores  are  usually 
found  in  fours  and  are  called  tetraspores. 

Are  tetraspores  usually  found  on  8ei)arate  plants  ? 

In  Polysiphonia  the  tetraspores  api)ear  to  be  formed  in  threes 
(tripartite),  the  fourth  beiug  underneath  the  three.  When  found, 
describe  their  position  and  arrangement. 

304.  Algae.  —  IHatom,    Oacillatoria,   Pleurococcus,   Spu 

rogyra^  Vaucheria^  Nitella^  FueuSy  Nemalion,  these   eight 

1  It  is  desirable  also  to  exhibit  fresh  or  pressed  specimens  of  various  genera 
to  Show  their  general  aspect. 


A  li 

FlO.  188. 
^,  spores  of  Nemalion  (greatly 
magnifled);   B^   portion   of 
thalluB  of  a  red  alga,  Lejo- 
lisia^  with  tetraspores,  t. 
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pUnts  which  we  have  just  studied,  are  types  of  several 
families  of  plants  which  together  make  the  great  group 
called  Algce.  Something  of  its  importance  in  nature  is 
indicated  by  these  facta :  The  number  of  known  species  is 
about  12,000.  In  size,  the  individuals  in  various  species 
ränge  from  a  Single  cell  of  microscopic  dimensions,  as  in 
Pleurococcus^  to  the  giant  kelp  of  California  which  reaches 
a  length  of  more  than  1000  feet.  The  form  ranges  from  a 
simple  spherical  cell  as  in  PleurococcuB  to  an  extensive, 
branching  cell  in  Vaucheria  and  its  allies,  specialized 
Organs  in  the  form  of  root,  stem,  leaf,  air-bladder,  and 
fruiting  organs  in  Sarffasgum^  which  is  an  ally  of  Fucus. 

The  algae  illustrate  a  series  of  modes  of  propagation 
from  simple  division  in  Oacillatoria  to  the  union  of  two 
similar  masses  of  protoplasm  to  form  a  spore  in  Spirogyra^ 
the  direct  fertilization  of  a  germ-cell  by  motile  anthero- 
zoids  in  Vaucheria^  NitellOj  Fucus,  the  indirect  fertilization 
of  fruiting  cells  by  non-motile  antherozoids  in  Nemalion. 
In  allies  of  the  latter  there  are  more  intricate  variations  of 
the  saroe  mode. 

The  algse  fall  into  five  natural  groups  based  primarily 
on  the  mode  of  fruiting.  In  most  cases  color  is  coördinate 
with  class  and  may  be  relied  upon  as  a  superficial  guide  in 
grouping  ;  but  there  are  a  few  exceptions,  e.g.^  some  fruit- 
ing like  the  red  group  are,  nevertheless,  green. 

The  nutrition  of  the  brown  and  the  red  algse  is  similar 
to  that  of  the  green  algse,  since  the  browrn  or  red  color 
merely  conceals  the  green  of  the  Chlorophyll  which  \& 
present  in  all  and  enables  them  all  to  take  in  and  decom- 
pose  carbon  dioxide.^ 

^  See  Marray's  Introduction  to  the  Study  of  Seaweeds,  pp.  4-6.    London, 
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305.  Classiflcation  of  Types  stadied. 

DiATOMACBiE.  Yellowish. 

Di€Uoms, 

CTANOPHTCEiE.  Blue-gTeen  or  some  similar  color. 

Oscülaioria. 
CHLOROPHYCEiE.  Green. 

PUurococcus,  SpirogyrOy 

Vaucheria^  Nitella. 
PHiEOPHYCBiE.  Olive. 

Fucus, 
FloridejE.  Red. 

Nemcdion. 

Polysiphonia. 

THE  STUDY  OF  BLACK  MOÜLD  (RHIZOPUS  NIGRICANS) 

306.  Oocomnce.  —  This  mould  may  be  found  in  abundance  on 
decaying  fruits,  such  as  tomatoes,  applefl,  peaches,  grapes,  and  eher- 
ries,  or  on  decaying  sweet  potatoes  or  squashes.  For  cLass  study  it 
may  most  conveniently  be  obtained  by  putting  pieces  of  wet  bread 
on  plates  for  a  few  days  under  bell-jars  and  leaving  in  a  warm  place 
until  patches  of  the  mould  begin  to  appear. 

307.  Examioation  with  the  Hagnifjring  Glass. —  Study  some  of 
the  larger  and  more  mature  patches  and  some  of  the  smaller  ones. 
Note: 

(a)  The  slender,  thread-]ike  network  with  which  the  surface  of 
the  bread  is  covered.  The  threads  are  known  as  hyphce,  the  entire 
network  is  called  the  mycelium. 

(b)  The  delicate  threads  which  rise  at  intervals  from  the  myce- 
lium  and  are  terminated  by  small  globular  objects.  These  little 
spheres  are  spore-cases.  Compare  some  of  the  spore-cases  with 
each  other  and  notice  what  change  of  color  marks  their  Coming  to 
maturity. 

308.  Ezamioation  with  the  Microscope.  —  Sketch  a  portion  of  the 
untouched  surface  of  the  mould  as  seen  (opaque)  with  a  two-inch 
objective,  then  compare  with  Fig.  189. 
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Wet  a  bit  o£  the  mould,  first  with  alcohol,  then  with  water. 
Examine  in  water  with  the  half-inch  objective,  and  sketch  a  little  of 
the  mycelium,  some  of  the  spore-cases,  and  the  thread-like  stalks  on 
which  they  are  borne.  Are  these  stalks  and  the  mycelium  filaments 
solid  or  tubulär  ?     Are  they  one-celled  or  several-celled  ? 

Mount  some  of  the  mature  spore-cases  in  water,  examine  them 
with  the  highest  obtainable  power,  and  sketch  the  escaping  spores. 


Fig.  189.  —  Unioellular  Mycelium  of  a  Mould  {Mucor  Mucedo\  Bprong  from  a 
Single  Spore. 

a,  6,  and  c,  branches  for  the  production  of  spore-cases,  showing  varions  stagee  of 
matority.    (Coußiderably  maguifled.) 


Sow  some  of  these  spores  on  the  surface  of  "  hay-tea,"  made  by 
boiling  a  handful  of  hay  in  just  water  enough  to  cover  it  and  then 
straining  through  cloth  or  filtering  through  a  paper  filter.  After 
from  three  to  six  hours  examine  a  drop  from  the  surface  of  the 
liquid  with  a  medium  power  of  the  microscope  (half-inch  objective) 
to  See  how  the  development  of  hyphae  from  the  spores  begins. 
Sketch. 
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After  about  twenty-four  hours  exaniine  another  portion  o£  the 
mould  from  the  surface  of  the  liquid  and  study  the  more  fully 
developed  mycelium.    Sketcli. 

309.  Zygospores. — Besides 
the  spores  just  studied,  zygo- 
spores  are  formed  by  conju- 
gation  of  the  hyphae  of  the 
black  moulds.  It  is  not  very 
easy  to  find  these  in  process 
of  formation,  but  the  student 
may  be  able  to  gather  from 
Fig.  190  the  nature  of  the 
process  by  which  they  are 
formed, — a  process  which  can- 
not  fail  to  remind  hini  of  the 
conjugation  of  pond-scum. 


THE  STUDY  OF  WIIEAT 

RUST   (PUCCINIA 

GRAMINIS) 

310.  Occurrence.  —  Wheat 
rust  is  common  on  cultivated 
wheat  and  other  grains,  and 
also  on  many  wild  and  culti- 
vated forage  grasses.  In  f act, 
this  or  similar  rusts  occur  on 
a  very  large  number  of  grasses, 
and  many  species  of  such  rusts 
are  recognked.     A  rust  may 


Fio.  190.  —  Formation  of  Zygoepores  In  a 
Mould  {,\fucor  Mucedo). 
[,  threadfl  in  contact  preyious  to  conjaga- 
tion ;  2,  cutting  off  of  the  conjugating 
cell«,  a,  from  the  threads,  6 ;  3,  a  later 
stage  of  the  process ;  4,  ripe  zygospore ;  6, 
germination  of  a  zygospore  and  formation 
of  a  spore-case.  (1-4  magnifled  225  diam- 
eters,  6  magnified  about  60  diameters.) 


have  one,  two,  or  three  kinds 
of  spores,  and  when  three  occur  one  is  known  as  the  cluster-cup  stage 
and  the  others  as  red  rust  and  hlack  rust,  according  to  the  usual 
approximate  color  of  the  spores.  The  rust  called  Puccinia  (framinis 
growing  on  wheat  has  its  cluster-cup  stage  on  the  leaves  of  barberry 
in  June.  The  spores  from  the  cluster-cups  are  carried  by  the  wind 
to  the  wheat,  where  they  germinate  and  in  a  few  days  produce  the 
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red  rust.     A  little  later  the  black  spores  appear,  produced  from  the 
same  myoelium.     This  growth  is  chiefly  upon  the  stems  and  sheaths. 


A  B 

Fxo.  191.  — Spore-Formation  In  Potato-Bllgbt  (PkytophtJiora  infettans). 

Af  a  well-developed  group  of  stalks,  proceedlng  from  a  mass  of  myceliam  inside 
the  leaf  and  escaping  through  a  Stoma ;  B^  a  youug,  unbranohed  stalle,  h, 
hyphae  of  myceliam  ;  o,  Stoma ;  «,  spore.  (Both  flgures  greatly  magnifled,  B 
more  than  A.)  • 

311.  Clu8ter-Cup  Stage.  —  Note  with  the  naked  eye  and  with  a 
magnifying  glass  the  appearance  of  the  cluster-cups  upon  the  bar- 
berry  leaf.  Fresh  s])ecimenB  should  be  used,  if  available.  Note 
whether  the  leaf  is  clianged  in  foim  or  color  in  any  part  occupied 
hy  the  fungus.  Note  the  number  of  cups  in  a  Cluster,  the  position 
on  the  leaf  (which  surface  ?),  the  form  and  size,  especially  the  height. 
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Are  they  straight  or  curved  ?  Describe  the  margin  of  the  cup,  the 
color  without,  and  the  color  of  the  contents. 

With  a  power  of  200  diameters  or  more  examine  some  of  the 
cells  composing  the  cup  and  note  the  form,  color,  and  nature  of  the 
sarface.  Draw.  With  the  point  of  a  needle  or  knife  pick  out  a 
bit  of  the  Contents  of  the  cup  and  examine  as  above.  Note  the 
characters  as  before  and  compare  in  detail  with  the  cells  of  the  cup. 
The  cells  within  the  cup  are  the  spores.  Can  you  teil  how  they  are 
attached  ? 

A  thin  section  through  the  cup  will  show  the  mode  of  attachment 
and  the  relation  of  the  spores  to  the  cup. 

312.  Ezamination  of  Red  and  Black  Rust.  —  Under  the  magnify- 
ing  glass  examine  the  eruptions  of  spores  (sori)  on  the  wheat  plant, 
some  of  red  spores  and  some  of  black  spores.  The  red  spores  are 
faded  in  dried  specimens.  Note  the  approximate  size  an*d  shape 
and  any  other  peculiarities.  Prepare  slides  of  each  kind  of  spores 
and  see  if  both  can  be  found  in  one  sorus.  The  spores  may  be 
taken  from  the  host-plant  on  the  point  of  a  knife  by  picking  rather 
deeply  down  into  the  sorus.     Place  the  small  quantity  of  spores  so 


Fio.  192.  —  A  Clu8ter-Cui>  of  Anemone  Ruat  {Puccinia  fusca).    (x  120.) 
»t  ohainB  of  spores  ;  p,  the  covering  or  peridium  of  the  cup  ;  h,  hyphas. 

obtained  in  a  drop  of  water  on  a  slide,  spread  with  dissecting  needles 
and  Cover.     Examine  under  a  power  of  200  or  niore  diameters. 

The  red  spores  (uredospores)  have  each  a  stalk  from  which  they 
easily  fall.     They  may  be  seen  attached  to  their  stalks  if  properly 
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prepared  croM-tecüonB  through  the  sorus  are  arailable,  especially  if 
the  material  is  f  resh.  Examine  the  sporea  and  note  the  shape,  color, 
and  surface.  If  the  spores  are  shninken,  a  drop  of  potash  Solution 
will  restore  the  natural  plumpness.  Draw.  Spore-measurements  are 
important  in  detennining  species.  The  uredojtpores  of  Puccinia 
graminis  may  be  distinguished  from  those  of  other  species  common 
/  on  grasses  by  the  greater  proportionate 

length. 

The  structure  of  the  black  spores 
(teleutospores)  can  be  made  out  with- 
out  difficulty.  Some  should  be  found 
attached  at  the  base.  Note  the  parts 
and  the  differences  in  color  in  different 
portions.  Make  careful  drawings  to 
show  shape  and  structure  of  both  kinds 
of  spores. 

Boil  a  portion  of  a  rust-injured  plant 
in  potash  Solution,  pick  it  to  pieces  on 
a  slide  under  the  magnifier  or  dissect- 
ing  microscope,  use  a  cover-glass  and 
examine  the  preparation  for  mycelium, 
using  a  high  power. 

313.  Cultivation  on  a  Host-Plant.  — 
If  practicable,  find  some  wheat  or  grass 
which  has  remained  over  winter  with 
the  black  rust  upon  it.  Tie  a  bunch 
of  this  to  a  barberry  bush  while  the 
leaves  are  young  or  unexpanded.  When 
the  time  arrives  for  the  appearance  of 
the  cluster-cups,  note  whether  they  are  any  more  abundant  on  this 
bush  than  on  others.  Are  you  sure  that  the  rust  you  have  is  the 
one  to  which  the  barberry  cluster-cups  belong  ? 


FlO.  193.  — A  Group  of  Sporofl 
of  Wheat  Ru§t  {Pttccinia 
graminit).    ( x  about  440.) 
«, «,  uredospores  ;  /,  a  telea- 
tospore. 
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THE   STUDY  OF   MICROSPHiERA 

314.  Occurrence.  —  Species  of  Microsphcera  and  allied  forma 
occur  in  late  summer  and  fall  on  leaves  of  various  herbaceous  and 
Woody  plante.  The  growth  is  confined  to  the  surfaces  of  the  leaf 
(upper,  lower,  or  both).  Among  the  most  available  species  are 
those  which  grow  upon  lilac,  oak,  grape,  cherry,  willow,  and  wild 
plants  of  the  sunflower  faniily.  Some  species  are  known  to  occur 
on  only  one  host-plant,  others  occur  on  several  or  a  large  number, 
and  the  host-plants  may  belong  to  one  or  more  than  one  family. 

Besides  Microsphcera  there  are  about  üve  other  genera,  any  of 
which  may  be  substituted  or  studied  cpmparatively.  They  are  dis- 
tinguished  by  the  form  of  the  appendages,  together  with  the  number 
of  spore-sacs  (asci)  in  each  sac-receptacle  or  perithecium. 

The  species  of  fungi  which  Microsphcera  represents  are  called 
powdery  mildews. 

With  naked  eye  and  magnifying  glass  examine  the  surface  of  a 
leaf  bearing  powdery  mildew.  Note  which  surface  and  what  portion 
of  the  surface  is  occupied  by  the  fungus,  whether  the  occupied  area 
is  restricted  or  not,  the  color,  and  any  other  characters. 

315.  Examioation  with  the  Microscope.  —  Place  a  small  drop  of 
water  on  the  leaf  where  the  fungus  occurs,  if  possible  where  dark- 
colored  specks  occur  among  the  myceliuni.  Pick  from  the  leaf  a 
portion  of  the  fungus  loosened  by  the  water  and  place  with  a  drop 
of  water  on  a  slide.  Place  a  cover-glass  over  it.  Examine  under 
a  power  of  about  fifty  diameters.  The  dark-colored  specks  will  be 
Seen  as  somewhat  spherical  bodies  (  perithecia),  Note  their  structure 
and  color  and  their  appendages.  Have  the  perithecia  any  regpular 
way  of  opening?  Note  the  length  of  the  appendages  as  compared 
with  the  diameter  of  the  perithecia ;  also  note  the  form  of  the  tips 
and  of  the  base,  the  color  and  any  Variation  of  color  in  different 
parts  of  the  appendages.  Keep  the  left  band  on  the  focusing  screw, 
and  with  the  needle  in  the  right  band  press  with  gentle  but  varying 
stress  upon  the  cover-glass  to  rupture  the  perithecia.  Even  with 
great  care  broken  cover-glasses  may  result,  but  this  pressure  should 
force  out  the  contents  of  the  perithecia.  Another  method  is  to 
remove  the  slide  from  the  microscope  and,  with  a  pencil  rubber 
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applied  to  the  cover-glass,  rupture  the  perithecia  by  gentle  grinding 
between  the  cover  and  slide.  Note  the  number  and  form  of  the 
spore-sacs  (asci)  expelled  from  each  of  several  perithecia.     Examine 

ander  a  power  of  about  200  diam- 
eters  and  count  the  number  of  spores 
in  the  asci.  Gentle  pressure  may 
make  them  more  distinctly  visible. 
Make  drawings  to  illustrate  the 
structural  characters  observed. 

THE  STUDY  OF  AGARICÜS 

316.  Occurrence.  —  The  common 
mushroom,  ^^artctf«  campestris, 
grows  in  open  fields  and  pastures 
in  the  United  States  and  Europe. 
It  is  the  niushroom  most  extensively 
cultivated  for  market,  and  if  not 
found  in  the  field  it  may  be  raised 
from  "  spawn  "  (mycelium),  put  up 
in  the  8hai)e  of  bricks,  and  sold  by 
seedsmen  in  the  large  cities.  Those 
who  make  a  specialty  of  selling  it 
fumish  directions  for  culture  free. 
A  moderately  warm  celLar  or  base- 
ment  makes  an  excellent  winter 
garden  for  mushrooms. 

317.  Stnicture  of  Mycelinm. — 
Examine  some  of  the  spawn,  or 
mycelium,  with  the  magnifying  glass 
and  the  low  power  of  the  microscope, 
and  with  a  power  of  200  diameters 
or    more    examine    the    iudividual 

hjrphae  which  compose  it.  Are  the  hyphae  united  in  cord-like  Strands 
or  otherwise,  or  are  they  entirely  separate  ?  Look  for  cross-partitions 
in  the  hyph».  Is  there  any  peculiar  structure  to  be  found  at  these 
places?     Are  the  cross-partitions  near  together  or  widely  separated? 


FlO.  194.— A  Muflhroom  (Agaricus 

melleus). 
my,   mycelium ;    c,   c',   c",   young 

"  buttona"  ;  st,  8tJp«  or  Btalk ;  r, 

ring;  p.gillB. 
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318.  The  Spore-PUnt.  —  Search  for  indications  of  froiting,  and 
note  the  appearance  of  the  **  batton  mashrooms  *'  in  all  available 
stages.  Draw.  See  if  at  any  stage  up  to  maturity  an  outer  envelope 
of  tissue  (yolvd)  can  be  found  enclosing  the  entire  fniiting  body. 
If  such  be  present,  what  becomes  of  it  at  maturity  ?  If  material  is 
available,  compare  the  species  of  Amanita  (poisonous)  in  regard  to  this. 

Examine  specimens  in  which  the  cap  is  expanding  and  see  if 
there  is  another  tissue  forming  a  veil  covering  the  under  surface  of 
the  cap.    If  such  be  pres- 
ent, how  is   it  attached        ^^' 
and  what  becomes  of  it  ? 

Take  a  fresh,  well- 
expanded  mushroom  or 
toadstool.  Remove  the 
stalk,  or  stipe,  close  under 
the  cap,  or  pileus,  and  lay 
the  latter,  gills  down,  on 
a  piece  of  paper.  Let  it 
remain  undisturbed  for  a 
few  hours,  or  over  night, 
so  that  the  spores  may 
fall  upon  the  paper.  Note 
carefully  their  color,  also 
the  form  in  which  they 
are  arranged  on  the  paper.  What  determines  this  form  ?  Examine 
some  of  the  spores  under  the  highest  available  power  of  the  micro- 
scope.     Measure  and  draw. 

Describe  the  stipe.  Is  it  a  hollow  tube  or  solid  ?  Does  it  taper  ? 
Note  length,  diameter,  color. 

Describe  the  cap,  or  pileus,  in  regard  to  diameter,  thickness,  nature 
and  color  of  the  Upper  surface,  also  color  below. 

Examine  the  plates,  or  gills,  which  compose  the  under  portion  of 
the  pileus.  Cut  a  complete  pileus  and  stipe,  through  the  center,  and 
draw  an  outline  to  show  the  8hai>e,  noting  particularly  how  the  gills 
are  attached.     What  is  the  color  of  the  gills  ? 

319.  Origin  of  Spores.  —  Make  a  cross-section  of  one  of  the  gills, 
and  with  a  magnifying  power  of  about  200  diameters  examine  the 


B 
PlO.  19ß.  —  Portions  of  Ollis  of 
a  FunguB  (Agaricus). 
At  slightly  magnifled  ;  B^  one 
of  the  parts  of  A,  more  majt- 
nified.  hym^  hymenium  ;  A, 
central  layer. 
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fruiting  cells  (fiasidid)  which  project  at  right  angles  to  the  gill  and 
bear  the  spores.  At  how  many  points  (sterigmaid)  on  each  basidiam 
are  spores  attached  ?  Draw  a  basidium,  pref erably  one  f rom  which 
the  spores  have  not  yet  fallen. 


THE  STUDY  OF  YEAST  ^SACCHAROMYCES  CEREVISI^) 

320.  Growth  of  Yeast  in  Dilute  Symp.  —  Mix  about  an  eighth  of 
a  cake  of  compressed  yeast  with  about  a  teaspoonful  of  water  and 
stir  until  a  smooth,  thin  mixture  is  formed.     Add  this  to  about  half 

a  pint  of  water  in  which  a  table- 
spoonful  of  molasses  has  been 
dissolved.  Place  this  mixture  in 
a  wide-mouthed  bottle  which  holds 
one  or  one  and  a  half  pints,  stop- 
per  very  loosely  ^  and  set  aside  f or 
from  twelve  to  twenty-four  hours 
in  a  place  in  which  the  temper- 
ature  will  be  from  70  to  90  degrees. 
Watch  the  liquid  meantime  and 
note  : 

(a)  The  rise  of  bubbles  of  gas 
in  the  liquid. 

(6)  The  increasing  muddiness 
of  the  liquid,  a  considerable  Sedi- 
ment usually  coUecting  at  the  end 
of  the  time  mentioned. 

(c)  The  effect  of  cooling  off  the 
Contents  of  the  bottle  by  immers- 
ing it  in  broken  ice  if  convenient, 
or,  if  this  is  not  practicable,  by 
Standing  it  for  half  an  hour  in  a  pail  of  the  coldest  water  obtainable, 
or  leaving  it  for  an  hour  in  a  refrigerator,  afterwards  warming  the 
liquid  again. 

(rf)  The  effect  of  shutting  out  light  from  the  Contents  of  the 
bottle  by  covering  it  with  a  tight  box  or  large  tin  can. 

1  If  the  cork  is  crowded  into  the  neck  with  any  considerable  force,  pressure 
of  gas  and  an  explosion  may  result. 


Fio.  196.  —  Part  of  the  Preceding  Figure. 
(X  aboat  300.) 

C,  layer  of  cells  immediately  ander  the 
hymenium ;  «,  «',  «",  tbree  sucoessive 
fltages  in  growth  of  spores. 
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(e)  The  result  of  üDing  a  test-tube  or  a  very  small  bottle  with 
some  of  the  syrup-and-yeast  mixture,  from  which  gas-bubbles  are 
freely  rising,  and  immersing  the  small  bottle  up  to  the  top  of  the 
neck  for  fifteen  minutes  in  boiling  water.  AUow  this  bottle  to 
stand  in  a  warm  place  for  some  hours  after  the  exposure  to  hot 
water.     What  has  happened  to  the  yeast-plants  ? 

(/)  The  behavior  of  a  lighted  match  lowered  into  the  air  space 
above  the  liquid  in  the  large  bottle,  after  the  latter  has  been  standing 
undisturbed  in  a  warm  place  for  an  hour  or  more. 

(g)  The  smell  of  the  liquid  and  its  taste. 

321.  Microscopical  Examination  of  the  Sediment.^  —  Using  a  very 
slender  glass  tube  as  a  pipette,  take  up  a  drop  or  two  of  the  liquid 
and  the  upper  layer  of  the  sediment  and  place  on  a  glass  slide,  cover 
with  a  very  thin  cover-glass  and  examine  with  the  highest  power 
that  the  microscope  affords. 

Note: 

(a)  The  general  shape  of  the  cells. 

(6)  Their  granulär  content». 

(c)  The  clear  spot,  or  vacuole,  seen  in  many  of  the  cells. 

Sketch  some  of  the  groups  and  compare  the  Sketches  with 
Fig.  197. 

Run  in  a  little  iodine  Solution  under  one  edge  of  the  cover-glass, 
at  the  same  time  touching  a  bit  of  blotting  paper  to  the  opposite 
edge,  and  notice  the  color  of  the  stained  cells.    Do  tbey  contain  starch  ? 

Place  some  vigorously  growing  yeast  on  a  slide  under  a  cover- 
glass  and  run  in  a  little  eosin  Solution  or  magenta  Solution.  Note 
the  Proportion  of  cells  which  stain  at  first  and  the  time  required  for 
others  to  stain.  Repeat  with  yeast  which  häs  been  placed  in  a  slen- 
der test-tube  and  held  for  two  or  three  minutes  in  a  cup  of  boiling 
water. 

With  a  very  smiill  cover-glass,  not  more  than  three-eighths  of  an 
inch  in  diameter,  it  may  be  found  possible  by  laying  a  few  bits  of 
blotting  paper  or  cardboard  on  the  cover-glass  and  pressing  it  against 
the  slide  to  burst  some  of  the  stained  cells  and  thus  show  their  thin, 
colorless  cell-walls  and  their  semi-fluid  Contents,  proloplasm,  nearly 
colorless  in  its  natural  condition  but  now  stained  by  the  iodine. 
1  See  Httxley  and  Martinas  Bioloffy,  ander  7bni/a. 
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EXPERIMENT  -  XXXIX 

Can  Yeast  grow  in  Pure  Water  or  in  Pure  Syrup?  —  Put  a  bit  of 
compressed  yeast  of  about  the  size  of  a  grain  of  wheat  in  about  four 
fluid  ounces  of  difltilled  water,  and  another  bit  of  about  the  same  size 
in  four  fluid  ounces  of  10  per  cent  Solution  of  rock  candy  in  distilled 
water ;  place  both  preparations  in  a  warm  place,  allow  to  remain  for 
twenty-four  hours,  and  examine  for  evidence  of  the  growth  of  the 
yeast  added  to  each. 

322.  Size,  Form,  and  Structure  of  the  Yeast-Cell.  —  The  student 
has  discovered  by  his  own  observations  with  the  microscope  that  the 
yeast-cell  \a  a  very  minute  object,  —  rnuch  smaller  than  most  of  the 
vegetable  cells  which  he  has  hitherto  examined.     The  average  diam- 

eter  of  a  yeastr«ell  is  about  j^^,^ 

of  an  inch,  but  they  vary  greatly 

both  ways  from  the  average  size. 

The  general  form  öf  most  of 

/^        M^m^m^^    wm  9.mät the  cells  of  ordinaiy  yeast  is  some- 

l|l         jv"*^  .2fC  ^^^*^  egg-shaped.     The  structure 

(^         fMäA         ^w  ^^  extreniely  simple,  consisting  of 

a  thin  cell-wall,  which  is  whoUy 
destitute  of  markings,  and  a  more 
or  less  granulär  semi-fluid  proto- 
plasm,  sometimes  containing  a 
portion  of  clearer  liquid,  the  vacu- 
oU,  well  shown  in  the  larger  cells 
of  Fig.  197.1 

323.  Substances  which  compose  the  Teast-Cell The  cell- wall  is 

oomposed   mostly   of  cellulose;  the   protoplasm   consists  largely  of 
water,  together  with  considerable  portions  of  a  proteid  substance,' 

1  This  is  not  the  ordinary  commerclal  yeast. 

s  It  may  be  foand  troublesome  to  apply  tests  to  the  yea8t«ell  on  the  sUde, 
under  the  cover-glass.  Testing  a  yeast  cake  is  not  of  mach  valiie,  anless  it 
may  be  assumed  that  compressed  yeast  contains  little  foreign  matter  and  con- 
sists mostly  of  yeast-cells.  Still  the  test  is  worth  making.  Millou's  reagent 
does  not  work  well,  bat  the  red  or  maroon  color  which  constitutes  a  good  teet 
for  Proteids  is  readily  obtained  by  mixinj?  a  teaspoonful  of  granulated  sogar 
with  enough  streng  sulphuric  seid  to  barely  moisten  the  sugar  throughont, 
and  theo,  as  quickly  as  possible,  mixing  a  bit  of  yeast  cake  with  the  acid  and 


Fio.  197.  —  Teast  {Sacckaromycei  ellip- 
goideus)  budiiing  actively. 

A,  a  Single  cell ;  B^  group  of  two  budding 
cells  ;  C,  a  large  group ;  6,  buds. 
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8ome  fat,  and  very  minute  portions  of  nulphur,  phosphoruSf  potash, 
magnesiay  and  Urne.  It  is  destitute  of  Chlorophyll,  aa  would  be 
inf erred  from  its  lack  of  green  color,  and  contains  no  8tarch. 

324.  Food  of  the  Yeast-Cell ;  Fermentation.  —  The  diluted  molasses 
in  which  the  yeast  was  grown  in  Exp.  XXXIX  contained  all  the 
mineral  substances  mentioned  in  Sect.  323,  together  with  sugar, 
proteid  materials,  and  water.  The  addition  of  a  little  nitrate  of 
ammonium  would  probably  have  aided  the  growth  of  the  yeast  in 
this  experiment,  by  supplying  more  abundantly  the  Clements  out 
of  which  the  yeast  constructs  its  proteid  cell-contents.  A  great  deal 
of  sugar  disappears  during  the  growth  of  the  yeast.^  Most  of  the 
sugar  destroyed  is  changed  into  carbon  dioxide  (which  the  Student 
saw  rising  through  the  liquid  in  bubbles)  and  alcohol,  which  can 
be  separated  from  the  liquid  by  simple  means.  The  process 
of  breaking  up  weak  syrup  into  carbon  dioxide  and  alcohol  by 
aid  of  yeast  is  one  kind  of  fermentation ;  it  is  of  great  practical 
importan^  in  bread-making  and  in  the  manufacture  of  alcohol. 
Since  grape  juice,  sweet  eider,  molasses  and  water,  and  similar 
liquids,  when  merely  exposed  to  the  air  soon  begin  to  ferment  and 
are  then  found  to  contain  growing  yeast,  it  is  concluded  that  dried 
yeast-ceUs,  in  the  form  of  dust,  must  be  ever}'^where  present  in 
ordinary  air. 

325.  Yeast  a  Plant;  a  Saprophyte.  —  The  yeast-cell  is  known 
to  be  a  plant,  and  not  an  animal,  from  the  fact  of  its  producing 
a  coating  of  cellulose  around  its  protoplasmic  contents  and  from 
the  fact  that  it  can  produce  proteids  out  of  substances  from  which 
animals  could  not  produce  them.* 

On  the  other  hand,  yeast  cannot  live  wholly  on  carbon  dioxide, 
nitrates,  water,  and  other  mineral  substances,  as  ordinary  green 
plants  can.  It  gives  off  no  oxygen,  but  only  carbonic  acid  gas,  and 
is  therefore  to  be  classed  with  the  saprophytes,  like  the  Indian  pipe, 
among  flowering  plants  (Sect.  180). 

sugar.  A  comparative  experiment  may  be  made  at  the  same  time  with  some 
other  familiär  proteid  substance,  e.g.^  wheat-germ  meal. 

1  The  sugar  contained  in  molasses  is  partly  cane  sugar  and  partly  grape 
sugar.  Only  the  latter  is  detected  by  the  addition  of  Fehling's  Solution. 
Both  kinds  are  destroyed  during  the  process  of  fermentation. 

3  For  ezample,  tartrate  of  ammonia. 
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326.  Multiplication  of  Yeaat.  —  It  is  worth  while  to  notice  the 
fact  that  yeast  is  one  of  the  few  crjptogams  which  have  for  ages 
been  largely  cultivated  for  economic  purposes.  Very  recently  yeast 
producing  has  become  a  definite  art,  and  the  cakes  of  compressed 
yeast  so  commonly  sold  afford  only  one  instance  of  the  success 
that  has  been  attained  in  this  process.  While  yeast-cells  are  linder 
favorable  conditions  for  growth,  they  multiply  with  very  great 
rapidity.  Little  protrusions  are  formed  at  some  portion  of  the 
cell-wail,  as  the  thumb  of  a  mitten  might  be  formed  by  a  gradual 
outgrowth  from  the  main  portion.  Soon  a  pattition  of  cellulose 
is  constructed,  which  shuts  off  the  newly  formed  outgrowth,  making 
it  into  a  separate  cell,  and  this  in  turn  may  give  rise  to  others, 
while  meantime  the  original  cell  may  have  thrown  out  other  off- 
shoots.  The  whole  process  is  called  reproduction  by  hudding,  It  is 
often  possible  to  trace  at  a  glance  the  history  of  a  group  of  cells, 
the  oldest  and  largest  cell  being  somewhere  near  the  middle  of  the 
group  and  the  youngest  and  smallest  members  being  situated  around 
the  outside.  Less  frequently  the  mode  of  reproduction  is  by  means 
of  spores,  new  cells  (usually  four  in  number),  formed  inside  one  of 
the  older  cells  {ascus).  At  length  the  old  cell-wall  bursts,  and  the 
spores  are  set  free,  to  begin  an  independent  existence  of  their  own. 

In  examining  the  yeast-cell  the  student  has  been  making  the 
acquaintance  of  plant  life  reduced  almost  to  its  lowest  terms.  The 
very  simplest  plants  consist,  Jike  the  slime  moulds,  of  a  speck  of 
jelly-like  protoplasm.  Yeast  is  more  complex,  from  the  fact  that  its 
protoplasm  is  surrounded  by  an  envelope  of  cellulose,  the  cell-wall. 

THE   STUDY   OF   PHYSCIA 

327.  Occurrence.  —  Physeia  is  one  of  the  commonest  lichens.  It 
growB  attached  to  the  bark  of  various  trees. 

328.  The  Thallus. — Physeia  consists  chiefly  of  an  irreg^ularly 
expanded  growth  somewhat  leaf-like  in  texture.  It  is  best  to  be  wet 
for  study.  Is  it  separable  from  the  bark  to  which  it  is  attached  or 
is  it  combined  with  it  (incrusted)  ?  Describe  the  general  outline  of 
the  margin,  the  general  color,  and  any  special  variations  of  color 
above,  also  below.     How  is  the  thallus  attached  to  the  bark? 
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329.  The  Fruit.  —  Look  for  small  lance-shaped  disks  seated  upon 
the  thallus.  Note  the  approximate  sizes  and  color  within  and 
witfaout.  These  disks  are  calied  apothecia.  Note  the  very  minute 
black  Specks  (spermogones)  which  are  scattered  in  the  surface  of 
the  thallus.  Pick  one  f  rom  the  thallus,  with  as  little  of  the  thallus 
as  possible,  and  examine  under  high  power.  It  may  be  macerated 
in  a  drop  of  potash  Solution  and  crushed  under  the  cover-glass.  If 
the  Contents  äre  not  easily 
defined,  they  may  then  be 
made  more  opaque  by  a  drop 
of  acetic  acid  or  a  stain.  The 
minute  colorless  bodies  con- 
tained  in  the  spermogones  are 


Fig.  198.  —  A  Liehen  (Xanthoria). 
(Natural  size.) 


Fio.  199.— AlAcihen  (U8nea). 
(Natural  size.) 


called  spermatia.  Their  office  in  Physcia  is  obscure,  but  in  a  few 
lichens  they  are  thought  to  unite  with  a  trichogyue  cell,  as  in  the  red 
algae.^  Note  the  minute,  powdery  masses  (soredid)  on  the  surface 
of  the  thallus.  Macerate  if  necessary  imder  the  cover-glass  and 
examine  under  a  high  power.  Compare  with  the  structure  of  the 
thallus  as  seen  in  cross-section.  (See  next  paragraph.)  These  soredia 
easily  become  detached  and  develop  into  new  plants. 

Prepare  for  sectioning  by  imbedding  a  small  portion  of  the 
thallus  with  an  apothecium  in  a  piece  of  pith  or  by  any  suitable 
device  for  sectioning,  and  cut  thin  sections  of  thallus  and  fruit. 

1  This,  however,  is  doubtful.  See  Strasburger,  NoU,  Schenk,  and 
Schimper's  Text-Book  of  Botany,  p.  380. 
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330.   Examination  of  the  Thallus The  thallus  of  Physcia  as  seen 

in  cross-section  will  be  found  to  consist  of  four  layers,  the  upper 
cortical,  gonidial,  medullary,  and  the  lower  cortical.  The  cortical 
layers  will  be  seen  to  serve  for  protection,  answering  the  purpose  of 
an  epidermis  or  bark.  The  cells  which  compose  them  make  what 
is  called  a  false  parenchyma,  —  resembling  parenchyma  in  form  but 

as  to  origin  being  trans- 
formed  fungal  hyphse. 
Note  the  form  of  the 
hyphse  composing  the 
medullary  layer.  Are 
there  any  cross-parti- 
tions?  Do  any  cells 
appear  circular,  and  if 
so,  what  is  the  explana- 
tion?  The  upper  por- 
tion  of  the  cortical 
layer,  having  green 
cells  intermixed,  con- 
stitutes  the  gonidial 
layer.  Why  should  the 
green  cells  be  at  the 
upper  part  of  the  med- 
ullary layer  ?  Can  you 
detect  any  connection 
between  the  green  cells 
and  the  hyphe?  Do 
these  green  cells  re- 
semble  any  cells  pre- 
viously  studied? 
Make  a  diagram  to  show  the  structure  of  the  thallus. 
What  arrangement  of  layers  would  you  expect  to  find  in  a  liehen 
thallus,  upright  or  suspended  ?  Compare  the  arrangement  in  the 
fruit-body  (apothecium),  describe,  and  sketch.  How  does  the  layer 
of  cells  beneath  the  spore-sacs  resemble  the  cortical  layer?  AU  but 
these  two  layers  may  be  considered  as  part  of  the  thallus.  To  make 
out  the  details  of  the  fruit,  the  section  must  be  very  thin. 


Fio.  200.  — Transvene  Section  through  Thallus 
of  a  Liehen  (Stictafuliginosa).    ( x  500.) 

Cf  cortical  or  epidermal  layer ;  ^,  gonidia ;  h,  hyphe. 
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Examioe  the  spoie-sacs  (asci)  and  look  for  spores  in  different  stages 
of  formation.  How  many  spores  are  found  in  each  ascus  ?  What  other 
bodies  occiir  among  the  asci  ?    Draw  these,  also  asci  and  spores. 

SSL  Lichens.  —  Lichens  were  formerly  supposed  to  be 
a  distinct  class  of  plants,  and  it  is  only  about  thirty  years 
since  their  real  nature  began  to  be  understood.  A  liehen 
is  now  known  to  be  a  combination  of  two  plants.  The 
green  cells,  called  the  ganidia^  belong  to  some  species  of 
alga,  and  the  remainder,  the  larger  portion  of  the  growth, 
is  a  fungus  parasitic  upon  that  alga.  The  groups  of 
lichens  correspond  in  structure  to  certain  groups  of  fungi, 
but  the  genera  are  sufficiently  distinct  so  that  lichens  are 
best  considered  by  themselves  for  purposes  of  study  and 
Classification. 

The  relation  of  the  fungus  and  its  algal  host  is  not 
that  of  destructive  parasitism,  but  rather  a  mutual  rela- 
tion (symhions)  in  which  both  fungus  and  alga  may  have 
a  vigorous  growth.  The  relationship  has  been  investi- 
gated  in  yarious  ways,  and  it  has  been  found  that,  while 
the  alga  may  grow  independent  of  the  fungus,  the  germi- 
nating  fungus  spores  can  grow  only  to  a  limited  extent  if 
deprived  of  the  algal  host;  but  if  supplied  naturally  or 
artificially  with  the  proper  alga  they  make  a  normal 
growth. 

The  same  alga  may  serve  as  gonidia  to  a  number  of 
lichens,  often  of  very  different  form,  and  while  the  num- 
ber of  lichens  reaches  into  the  thousands,  the  number  of 
algsB  known  to  serve  as  gonidia  is  quite  small. 

Lichens  are  widely  distributed  in  all  zones  but  flourish 
particularly  in  northem  regions  where  other  Vegetation  is 
scanty.      Some   were   formerly  impoi*tant   as   sources  of 
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dyes.  "Iceland  moss"  is  a  liehen  used  for  food,  and  a 
finely  branching  form,  growing  in  extensive  mats  on  the 
soil,  serves  as  food  for  the  reindeer  and  is  known  as 
"  reindeer  moss." 

Most  lichens  grow  on  the  bark  of  trees,  on  rocks,  or  soil 
where  they  have  little  moisture  except  during  rainfall, 
but  some  grow  where  they  are  constantly  wet.  Some  of 
the  latter  are  gelatinons.  Most  of  the  conspicuous  lichens 
are  foliaceous  or  eise  have  a  thallus  composed  of  branch- 
ing, cylindrical,  thread-like  portions.  But  many  species, 
often  less  conspicuous,  are  crustaceous,  growing  as  if 
they  formed  part  of  the  bark  or  rock  to  which  they  are 
attached. 

332.  Fungl.  —  The  yeasts,  moulds,  rusts,  mildews,  and 
mushrooms  represent  an  immense  group  of  plants  of  which 
about  forty-five  thousand  species  are  now  known  in  the 
World.  They  ränge  from  the  very  simple  to  quite  com- 
plex  forms,  growing  as  saprophytes  or  parasites  under  a 
great  variety  of  conditions.  Their  structure  and  life 
history  are  so  varied  as  to  constitute  a  long  series  of  divi- 
sions  and  subdivisions.^  Chlorophyll  is  absent  from  fungi, 
and  they  are  destitute  of  starch,  but  produce  a  kind  of 
cellulose  which  appears  to  diflfer  chemically  from  that  of 
other  plants.  Unable  to  build  up  their  tissues  from  car- 
bonic  acid  gas,  water,  and  other  mineral  matters,  they  are 
to  be  classed,  with  animals,  as  consumers  rather  than  as 
producers,  acting  on  the  whole  to  diminish  rather  than  to 
increase  the  total  amount  of  organic  material  on  the  earth. 


1  See  Strasburger,  Noil,  Schenk,  and  Schimper's  TexUBook  of  Botany, 
pp.  340-381  incl.,  also  Potter  and  Warming's  Syatemaiic  Botany,  p.  1,  and 
Engler's  Syllabus  der  Pflanzen/amilien,  Berlin,  1898,  pp.  2fr-47. 
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333.  Occurrence  and  Mode  of  Life  of  Fungi.  —  Among 
the  most  important  cryptogamous  plants  are  those  which, 
like  the  bacteria  of  consumption,  of  diphtheria,  of  typhoid 
fever,  or  of  cholera,  produce  disease  in  man  or  in  the 
lower  animals.  The  subclass  which  includes  these  plants 
is  known  by  the  name  Bacteria.  Bacteria  are  now  classed 
by  some  as  a  separate  group,  lower  than  fungi.  Some  of 
the  most  notable  characteristics  of  these  plants  are  their 
extreme  minuteness  and  their  extraordinary  power  of 
multiplication.  Many  bacteria  are  on  the  whole  highly 
usefnl  to  man,  as  is  the  case  with  those  which  produce 
decay  in  the  tissues  of  dead  plants  or  animals,  since  these 
substances  would,  if  it  were  not  for  the  destructive  action 
of  the  bacteria  of  putrefaction  and  fermentation,  remain 
indefinitely  after  death  to  cumber  the  earth  and  lock  up 
proteid  and  other  food  needed  by  new  organisms. 

The  mushrooms  and  their  allies  include  about  one-fourth 
of  the  fungi.  Some,  such  as  the  "  dry-rot "  f ungus,  mis- 
takenly  so  called,  cause  great  destruction  to  living  and 
dead  tree  trunks  and  timber  in  economic  use.  The  com- 
mon mushroom,  AgaricuB  campestris^  is  the  most  important 
edible  species.  Probably  five  huudred  kinds  can  be  eaten, 
but  only  a  few  are  good  food,  and  even  these  contain  but  little 
nutriment.  Some  species  are  dangerous,  and  a  few  are  deadly 
poisons.  The  puflFballs  are  a  small  group  allied  to  the  mush- 
rooms.    Most  of  them  are  edible  and  of  good  quality. 

The  mildews  {Microsphcera^  etc.)  and  the  "  black-knot " 
of  the  plum  trees  are  of  a  group  which  likewise  includes 
about  one-fourth  of  the  fungi.  A  considerable  number 
are  parasites,  injurious  to  Vegetation,  while  thousands  of 
others  grow  on  dead  leaves,  twigs,  etc. 
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The  "rast"  of  wheat  and  the  "smut"  of  com  repre- 
sent  groups  numbering  onlj  a  few  hundreds  of  species, 
which  are  very  important  because  they  are  all  parasites 
on  living  plants,  many  on  oiir  most  important  economic 
plants. 

Fig.  191,  representing  another  small  group  of  destruc- 
tive  parasites,  shows  clearly  how  a  parasitic  fungus  grows 
from  a  spore  which  has  found  lodgment'in  the  tissues  of 
a  leaf  and  pushes  out  stalks  through  the  stomata  to  dis- 
tribute  its  spores. 
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334.  The  Group  Bryophytes.  —  Under  this  head  are 
classed  the  liverworts  and  the  mosses.  Both  of  these 
classes  consist  of  plants  a  good  deal  more  highly  organized 
thanthe  thallophytes. 
Bryophytes  have  no 
tnie  roots,  but  they 

have  Organs  which  ^W^^^^^^^ä^^  '^r 

perform  the  work  of 

roots.    Some  of  them 

have  leaves  (Fig.  206), 

while  others  have 

none   (Fig.   201). 

Fibro  -  vascular   bnn- 

dles  are  wanting.  The 

physiological  division 

of    labor    is    carried 

pretty  far  among  all 

the  bryophytes.  They 

have  special  appara- 

tUS    for    absorbing       Pio.  201.— Partof  Maie  TliallusofaLiverwort 
water  and  SOmetimeS  {Marchantla  dlsjuncta).    (Enlarged.) 

-  1         .  .  • .  »w.  male  receptaole. 

for   conducting   it 

through  the  stem;  stomata  are  often  present  and  some- 
times  highly  developed.  There  are  Chlorophyll  bodies, 
often  arranged  in  cells  extremely  well  situated  for  acting 
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on  the  carbon  dioxide  gas  which  the  plant  absorbs,  that  is, 
arranged  about  rather  large  air  Chambers. 

Reproduction  is  of  two  kinds,  sexual  and  asexual,  and 
the  Organs  by  which  it  is  carried  on  are  complicated  and 
highly  organized.  An  altemation  of  ffenerations  occurs, 
that  is,  the  life  history  of  any  species  embraces  two  f orms : 
a  Beocual  generation^  which  produces  two  kinds  of  cells  that 

by  their  union  give 
lise  to  a  new  plant; 
the  asexual  genera- 
tioTiy  which  multiplies 
freely  by  means  of 
special  cells  known 
as  sporeB, 

THE  STUDY  OF 
MARCHANTIA 


-..  j-  ,^-*^^ 


Fio.  202.  —Part  of  Female  ThalluB  of 
M.  di^juncta.    (EnlargecL) 

/r,  female  reoeptaole ;  c,  cup«  with  gemm». 


335.  Occurrence. — 
Marchantia  grows  on  soil 
or  rocks  in  damp  shaded  places  and  is  widely  distributed. 

336.  The  ThaUus.  — In  general  form  the  thallus  bears  some  resem- 
blance  to  that  of  some  of  the  lichens,  as  Parmelia,  but  is  plainly 
different  in  color,  mode  of  branching,  and  internal  structure  under 
the  microscope.  Under  the  microscope  (see  below)  the  individual 
cells  may  be  compared  with  those  of  the  medullary  layer  in  Physcia, 

Note  the  color  and  general  shape  of  the  thallus  and  study  care- 
fully  the  mode  of  branching,  The  origin  of  the  growing  cells  is  at 
the  tip,  but  cells  so  originating  afterward  multiply  more  rapidly,  so 
that  the  tip  comes  to  be  in  a  notch. 

Viewing  the  thallus  as  an  opaque  object,  note  the  diamond-shaped 
network  on  the  upper  surface  and  the  dot-like  circle  in  the  middle 
of  each  diamond. 

Ezamine  the  under  surface  for  (1)  rhizoids  and  (2)  scales. 
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337.  Internal  Structure.  —  Cut  thin  cross-sections  of  the  thallus 
in  the  same  way  as  for  PhysciOj  making  some  pass  through  the  cir- 

ciliar  dots  mentioned  above.     Exam- 

ine  nnder  a  high  power  and  note  the 

different  kinds   and  layers  of   cells 

composing  the    thallus.      Note  the 

character  of  the   cells   forming  the 

Upper  and  lower  surfaces.     Describe 

the  cells  which  are  next  above  those 

of  the  lower  epidermis,  their  shape, 

color  of  Contents,  approximate  num- 

ber  of  horizontal  rows.     Have  they 

any  evident  intercellular  spaces  ?  Find 

Fig.  203.— Section  through  Anther-    cells  connecting  these  with  the  upper 

idial  Reccptacle  of  Marohantia.    epidermis  and  constituting  the   net- 

agnrn    .  work  of  lines  seen  on  the  surface  of 

a,  antheridiimi.  »         ,     ,  ^^  i  . 

the   thallus.      Note    the    air    cavity 

bounded  by  these  lines  and  the  loose  cells  which  occupy  it  in  part. 

What  is  the  color  of  their  contents  ?     How  are  they  attached,  and 

how  arranged?      Can  you  discover  any 

opening  through  the  epidermis?      If  so, 

describe  it. 

Make  drawings  to  illustrate  the  details 

of  structure  observed. 

338.  Gemms.  —  Look  for  a  thallus 
bearing  little  green  cups  formed  of  its 
own  substance.  Describe  the  contents 
of  the  cup.  The  bodies  are  called  gemmce, 
They  originate  by  vegetative  growth  alone 
and  when  detached  may  grow  into  new 
plants. 

339.  Fruiting  Organs.  —  Look  for  thalli 
bearing  stalks  with  umbrellsrlike  expan- 
Sions.      The   umbrellas  are  of  two   kinds,     «»  antherldlum ;  az,  anthero- 

,.  ,   ,.,  .^,  ^  •    i.      ,1.  «oida,  X700. 

one   disk-like   with  crenate  points   (how 

many?)  and  the  other  has  rays  (how  many?)  elongated  and  curving 

downward.     Is  there  any  difference  in  the  height  of  the  two  kinds  ? 


az 


Fio.  204.  — Seotional  View  of 
an  Antheridium  of  Mar- 
ohantia. 
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Do  both  occur  on  the  same  thallas  ?    On  what  part  of  the  thalliis 
do  they  occur,  and  do  they  differ  in  this  respect  ? 

340.  Antheridia.  —  The  antheridia  are  formed  as  outgrowths 
from  the  upper  surface  of  the  crenate  receptacle,  but  by  further 
growth  of  the  receptacle  they  become  imbedded.  They  should  be 
examined  under  a  high  power  and  sketched  in  outline.  The  anther- 
idium  produces  numerous  motile  antherozoids,  each  with  two  cilia. 

341.  Archegonia  and  Spoiophytes.  —  The  receptacle  with  recurved 
rays  bears  the  archegonia.  Note  whether  they  occur  above  or  below 
and  in  what  relation  to  the  rays.    How  are  the  archegonia  protected  ? 

Note  the  cells  which  Surround 
the  central  canal  and  form  the 
elongated  neck  of  the  archego- 
nium.  Does  the  archegonium 
open  upward  or  downward  ?  At 
the  base  look  for  the  germ-cell. 

The  antherozoids  enter  the 
central  canal  and  penetrating 
to  the  egg-cell  fertilize  it,  after 
which  it  begins  to  divide  and 
grows  into  a  sporophyte.  In  the 
older  specimens,  therefore,  the 
sporophytes  will  be  found  more 
or  less  developed.  The  archegonium  remains  upon  the  tip  of  the 
sporophytes.  The  mature  sporophyte  contains  the  spores  and  also 
peculiar  elongated  tapering  threads  with  spiral  thickenings.  These 
are  called  elaters, 

342.  Hepaticae.  —  Marchantia  represents  only  a  small 
division  of  the  Hepaticce^  and  is  not  typical  of  the  larger 
number  of  species.  In  spite  of  this  it  is  chosen  for  study, 
because  it  is  widely  distributed  and  more  available  for 
study  than  most  others.  In  most  species  the  fruit  lasts 
but  a  little  while  and  good  material  is  hard  to  obtain.  In 
Marchantia  the  fruiting  organs  are  abundant,  more  gradual 
in  their  development,  and  more  persistent.    Marchantia  and 


Fio.  a06.  —  Section&l  View  of  Female 
Receptacle  of  Marchantia.    (x  6.) 
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its  allies  consist  chiefly  of  the  thallus  in  the  vegetative  eon- 
dition,  while  the  greater  number  of  Hepaticae  have  a  stem 
and  leaves.  Thus  they  approach  closely  to  the  mosses. 
But  mosses  usuaUy  have  leaves  on  all  sides  of  the  stem, 
while  the  leaves  of  Hepaticse  are  two-ranked,  spreading 
laterally,  with  sometimes  a  third  row  of  leaves  or  scales 
undemeath.  The  leaves  of  mosses  usually  have  more  than 
one  layer  of  cells  in  some  part,  but  the  leaves  of  the  leafy 
Hepaticaö  have  but  one  layer  of  cells  throughout.  The 
forms  of  the  leaves  are  often  very  curious  and  interesting. 
The  sporophyte  of  most  mosses  consists  of  a  capsule  with 
a  lid,  while  in  the  leafy  Hepaticse  the  capsule  usually 
opens  by  Splitting  longitudinally  into  two  to  four  valves. 

Different  species  of  HepaticaB  grow  on  damp  soil,  rocks, 
and  the  bark  of  trees.  Many  are  capable  of  enduring 
drought  and  reviving  with  moisture. 

THE   STUDY  OF  PIGEON-WHEAT  MOSS 
(PbLYTRlCHUM  COMMUNE) 

343.  Occurrence.  —  This  moss  is  widely  distributed  over  the  sur- 
faoe  of  the  earth,  and  some  of  its  relatives  are  among  the  best 
known  nioeses  of  the  northern  United  States.  Here  it  grows 
commonly  in  dry  pastures  or  on  hillsides,  not  usually  in  densely 
shaded  situations. 

344.  Form,  Size,  and  General  Characters.  —  Study  several  speci- 
mens  which  have  been  pulled  up  with  root-hairs.  Note  the  size, 
general  form,  color,  and  texture  of  all  the  parts  of  the  plants  exam- 
ined.  Some  of  them  probably  bear  spore-capsules  or  sporophytes  like 
those  shown  in  Fig.  206,  while  others  are  without  them.  Sketch  one 
plant  of  each  kind,  about  natural  size. 

JVliat  difference  is  noticeable  between  the  appearance  of  the 
leaves  in  those  plants  which  have  spore-capsules  and  those  which 
have  none?    Why  is  this? 
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In  8ome  speciroens  the  stein  may  be  found,  at  a  height  of  an  inch 
or  more  above  the  roots,  to  bear  a  conical,  basket-shaped  enlargement. 


FlO.  206.  —  A  M068,  CcUJutrinea. 

The  sporophytes  of  this  moBS  are  usually  rather  more  slender  than  1 
here  repre«ented. 
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out  of  the  Center  of  which  a  younger  portion  of  the  stein  seems  to 
proceed ;  and  this  younger  portion  may  in  turn  end  in  a  similar 
enlargement,  from  which  a  still  younger  part  proceeds. 

Note  the  difference  in  general  appearance  between  the  leaves  of 
those  plants  which  have  just  been  rernoved  from  the  moist  collecting- 
box  and  those  which  have  been  lying  for  half  an  hour  on  the  table. 
Study  the  leaves  in  both  cases  with  the  magnifying  glass  in  order  to 
find  out  what  has  happened  to  them.  Of  what  use  to  the  plant  is 
this  change  ?    Put  some  of  the  partially  dried  leaves  in  water,  in  a 


pnm 


Fia.  207.  —  Protonenia  of  a  Mobs. 


prim,  primary  shoot ;  A,  a  young  root-halr ;  pl^  young  moss-plant ; 
&r,  branches  of  primary  shoot. 

cell  on  a  microscope  slide,  cover,  place  under  the  lowest  power  of 
the  microscope,  and  examine  at  intervals  of  ten  or  fifteen  minutes. 
Finally  sketch  a  Single  leaf . 

345.  Minute  Structure  of  the  Leaf  and  Stern.  —  The  cellular 
structure  of  the  pigeon-wheat  moss  is  not  nearly  as  simple  and  con- 
venient  for  microscopical  study  as  is  that  of  the  smaller  mosses,  many 
of  which  have  leaves  composed,  over  a  large  part  of  their  surfaces, 
of  but  a  Single  layer  of  cells,  as  shown  in  Fig.  209.  If  any  detailed 
study  of  the  structure  of  a  moss  is  to  be  made,  it  will,  therefore,  be 
better  for  the  student  to  provide  himself  with  specimens  of  almost 
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any  of  the  smaller  genera,^  and 
work  out  what  he  can  in  regard 
to  their  minute  anatomy. 


Pio.  208.-1110  Antheridium 
of  a  Mofls  (Funaria)  and  its 
Contents. 

a,  antheridium ;  6,  escaping 
antherozoidfl,  x  350 ;  c,  a Sin- 
gle antherozoid  of  another 
moss,  X  800. 


Fio.  200.  —  Portions  of  Fertile  Plant 
of  a  Mobs  iFunaria). 

Af  longltudinal  section  of  snmmitof 
plant,  xlOO;  a,  archegonia;  l, 
leaves  ;  B,«n  archegonium,  x  660 ; 
e,  enlarged  ventral  portion  with 
central  cell ;  n,  neck  ;  m,  mouth. 


346.  Sporophytes.  —  That  part  of  the  reproductive  apparatos  of 
a  common  moss  which  is  most  apparent  at  a  glance  is  the  sporophyte 
or  spore-capsule  (Fig.  206).  This  is  covered,  until  it  reaches  maturity, 
with  a  hood  which  is  easily  detached.     Reraove  the  hood  from  one 

1  Aa  Milium  or  Bryum. 
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of  the  capsules,  examine  with  a  magnifying  glass,  and  sketch  it. 
Note  the  character  of  the  material  of  which  its  outer  layer  is 
compoeed. 

Sketch  the  uncoveTed  capsule  as  seen  through  the  magnifying 
glaas,  noting  the  little  knob  at  its  base  and  the  circular  lid. 

Prj  off  this  lid,  remove  some  of  the  mass  of  spores  from  the 
interior  of  the  capsule,  observe  their  color  as  seen  in  bulk  through 
the  magnifying  glass,  then  mount  in  water,  examine  with  the  high- 
est  obtainable  power  of  the  microscope,  and  sketch  them.  These 
spores,  if  sown  on  moist  earth,  will  each  develop  into  a  slender, 
branched  organism,  consisting,  like  pond-scum,  of  single  rows  of 
ceDs  (Fig.  207)  called  the  protonema. 

347.  Other  Reproductiva  Apparatus.  —  The  student  cannot,  with- 
out  spending  a  good  deal  of  time  and  roaking  himself  expert  in  the 
examination  of  mosses,  trace  out  for  himself  the  whole  story  of  the 
reproduction  of  any  moss.  It  is  sufficient  here  to  give  an  outline  of 
the  process.  The  protonema  develops  buds,  one  of  which  is  shown 
in  Fig.  207,  and  the  bud  grows  into  an  ordinary  moss  plant.  This 
plant,  in  the  case  of  the  pigeon-wheat  moss,  bears  organs  of  a  some- 
what  flower-like  nature,  which  contain  either  antheridia  (Fig.  208), 
organs  which  produce  fertilizing  cells  called  antherozoids,  or  arche- 
gonia  (Fig.  209),  organs  which  produce  egg-cells,  but  in  this  moss 
antheridia  and  archegonia  are  not  produced  in  the  sanie  "moss- 
flower."  The  plants  therefore  correspond  to  dioecious  ones  among 
fiowering  plants. 

After  the  fertilization  of  the  egg-cell,  by  the  penetration  of 
antherozoids  to  the  bottom  of  the  flask-shaped  archegonium,  the 
development  of  the  egg-cell  into  sporophyte  begins ;  the  latter  rises 
as  a  slender  stalk,  while  the  upper  part  of  the  archegonium  is 
carried  with  it  and  persists  for  a  time  as  the  hood  or  calyptra. 
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348.  The  Group  Pteridophytes.  —  Under  this  head  are 
classed  the  fems,  the  scouring-rushes,  and  the  club-mosses. 
They  are  the  most  highly  organized  of  cryptogains,  having 
true  roots,  and  often  well-developed  stems  and  leaves. 

THE   STUDY   OF   A   FERNi 

349.  Conditions  of  Growth.  —  If  the  specimens  studied  were  cot 
lected  by  the  class,  the  collectors  should  report  exactly  in  regard  to 
the  8oil  and  exposure  in  which  the  plants  were  found  growing.  Do 
any  fems  occur  in  surroundings  decidedly  different  from  these? 
What  kind  of  treatraent  do  ferns  need  in  honse  culture? 

350.  The  Underground  Portion.  —  Dig  up  the  entire  Underground 
portion  of  a  plant  of  ladyfern.  Note  the  color,  size,  shape,  and 
appendages  of  the  rootstock.  K  any  are  at  hand  which  were  col- 
lected  in  their  late  winter  or  early  spring  condition,  ezamine  into 
the  way  in  which  the'leafy  parte  of  the  Coming  season  originate 
from  the  rootstock^  and  note  their  peculiar  shape  (Fig.  210,  A). 
Thia  kind  of  vemation  (Sect.  136)  is  decidedly  characteristic  of  ferns. 
Observe  the  number  and  distribution  of  the  roots  along  the  rootstock. 
Bring  out  all  these  points  in  a  sketch. 

^  The  oatline  here  given  applies  exactly  only  to  Ägplenium  ßlia^/cemina, 
Any  species  of  Asplenium  or  of  Aspidium  is  just  as  well  adapted  for  study. 
Cystopteris  is  excellent,  but  the  indusiam  is  hard  to  find.  Polypodiwn  vul- 
gare is  a  simple  and  generally  accessible  fomi,  but  has  no  indusium.  Pteris 
aquüina  is  of  world-wide  distribution,  but  differs  in  habit  from  most  of  our 
fems.  The  teacher  who  wishes  to  go  into  detail  in  regard  to  the  gross  anat- 
omy  or  the  histology  of  fems  as  exemplified  in  Pteria  will  find  a  careful  study 
of  it  in  Huxley  and  Martin's  Biology^  or  a  fully  illustrated  acconnt  in  Sedg- 
wick  and  Wilson 's  Biology. 
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351.  The  Frond.  —  Fern  leaves  are  technically  known  as  fronds. 
Observe  how  these  ariae  directly  from  the  rootstock. 

Make  a  somewhat  reduced  drawing  o£  the  entire  frond,  ^hich 
consists  o£  a  slender  axis,  the  rhachisy  along  which  are  distributed 
many  leaflets  or  pinnosy  each  composed  of  many  pinnules.  Draw  the 
under  aide  of  one  of  the  pinnse,  from  near  the  middle  of  the  frond, 
enlarged  to  two  or  three  times  its  natural  size,  as  seen  through  the 
magnifying  glass.  Note  just  how  each  pinnule  is  attached  to  its 
secondary  rhacliis. 

Examine  the  under  aide  of  one  of  the  piunulea  (viewed  aa  an 
opaque  object  without  cover-glaaa)  with  the  loweat  power  of  the 
microscope,  and  note : 

(a)  The  "  fruitrdota  "  or  sori  (Fig.  210,  B)  (already  aeen  with  the 
magnifying  glaas,  but  now  much  more  clearly  ahown). 

(b)  The  membranoua  coyering  or  indusiufn  of  each  aorua  (Fig. 
210,  C).  Obaerve  how  thia  ia  attached  to  the  yeina  of  the  pinnule. 
In  auch  fema  aa  the  common  brake  {Pteris)  and  the  maidenhair 
(Adiantutn)  there  ia  no  aeparate  induaium,  but  the  sporangia  are 
covered  by  the  incurved  edgea  of  the  fronda. 

(c)  The  coiled  apore^aaea  or  aporangia,  lying  partly  covered  by 
the  induaium.     How  do  theae  aporangia  diacharge  their  apores? 

Make  a  drawing,  or  aeveral  drawings,  to  bring  out  all  these  pointa. 

Examine  aome  of  the  aporangia,  dry,  with  a  power  of  about  fif  ty 
or  seyenty-five  diametera,  and  aketch.  Scrape  oÜ  a  few  aporangia, 
thus  diaengaging  aome  aporea,  mount  the  latter  in  water,  examine 
with  a  power  of  about  200  diametera,  and  draw. 

352.  Life  Hiatory  of  the  Fem.  —  When  a  fern-s^re  ia  aown  on 
damp  earth  it  gradually  developa  into  a  minute,  flattish  object, 
caUed  a  prothallium  (Fig.  211).  It  ia  a  rather  tedioua  process  to 
grow  prothallia  from  apores,  and  the  easiest  way  to  get  them  for 
atudy  ia  to  look  for  them  on  the  earth  or  on  the  damp  outer  surface 
of  the  flower-pota  in  which  fema  are  growing  in  a  greenhouse.  All 
atagea  of  germination  may  readily  be  found  in  such  localities. 

Any  prothallia  thua  obtained  for  study  may  be  freed  from  par- 
ticles  of  earth  by  being  washed,  while  held  in  yery  amall  forceps,  in 
a  gentle  atream  of  water  from  a  wash-bottle.  The  atudent  should 
then  mount  the  prothallium,  bottom  up,  in  water  in  a  ahallow  cell. 
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Fio.  210.  —  Siwre-Plant  of  a  Fern  (Aspidium  Filix-mas). 
A,  part  of  rootstock  and  fronilB,  not  quite  one-eixth  natural  size ;  /r,  yonng  fronds 
unrolling ;  B,  under  aide  of  a  pinnule,  showing  sori,  s ;  C,  section  throngh  a 
Borus  at  right  angles  to  sürface  of  leaf ,  showing  indusium,  i,  and  sporangia,  t ; 
/>,  a  sporangium  discharging  8{K>re8.  {ß  iB  not  far  from  natural  sise.  C  and 
D  are  considerably  magnifled.) 
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Cover  with  a  large  cover-glass,  and  examine  -with  the  lowest  power 
of  the  micrqßcope.     Note  : 

(a)  The  abundant  root-hairs,  springing  from  the  lov,'3r  surface 
of  the  prothallium. 

(b)  The  variable  thickness  of  the  prothallium,  near  the  edge, 
consisting  of  only  one  layer  of  cells. 

(c)  (In  some  raature  specimens)  the  young  fern  growing  from 
the  prothallium,  as  shown  in  Fig.  211,  B. 

The  Student  can  hardly  make  out  for  himself,  without  much 
ezpenditure  of  time,  the  structure  of  the  antheridia  and  the  arche- 
gonia  (Fig.  211,  A), 
by  the  Cooperation 
of  whichfertilization 
takes  place  on  much 
the  same  plan  as  that 
already  described  in 
the  case  of  mosses. 
The  fertilized  egg- 
cell  of  the  archego- 
nium  gives  rise  to 
the  young  fern,  the 
sporophyte  which 
grows  at  first  at  the 
expense  of  the  parent 
prothallium  but  soon 
develops  roots  of  its 
own  and  leads  an  in- 
dependent  existence. 

353.  Nutrition.— 
The  mature  fern 
makes  its  living,  as  flowering  plants  do,  by  absorption  of  nutritive 
matter  from  the  soil  and  from  the  air,  and  its  abundant  Chlorophyll 
makes  it  easy  for  the  plant  to  decompose  the  supplies  of  carbon 
dioxide  which  it  takes  in  through  its  stomata. 


Fig.  211.  — Two  Prothallia  of  a  Fern  (Aspidium). 
Af  under  surface  of  a  young  prothallium  ;  ar,  arche- 
gonia ;  aUj  antheridia ;  r,  rhizoids  ;  J9,  an  older  pro- 
thallium with  a  young  fern-plant  growing  from  it ; 
l,  leaf  of  young  fern.    (Both  x  about  8.) 
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FERNS 

354.  Structure,  Form,  and  Habits  of  Ferns. — The  struc- 
ture  of  ferns  is  much  more  complex  than  that  of  any  of 
the  groups  of  cryptogamous  plants  discussed  in  the  earlier 
portions  of  the  present  chapter.  They  are  possessed  of 
well-defined  fibro-vascular  bundles,  they  form  a  variety  of 
parenchymatous  cells,  the  leaves  have  a  distinet  epidermis 
and  are  provided  with  stomata. 

Great  difPerences  id  size,  form,  and  habit  of  growth  are 
found  among  the  various  genera  of  ferns.  The  tree  ferns 
of  South  America  and  of  many  of  the  islands  of  the  Pacific 
Ocean  sometimes  rise  to  a  height  of  forty  feet,  while  the 
most  minute  species  of  tempei*ate  and  colder  climates  are  not 
as  large  as  the  largest  mosses.  Some  species  climb  freely, 
but  most  kinds  are  non-clirabing  plants  of  moderate  size, 
with  well-developed  rootstocks,  which  are  often,  as  in  the 
case  of  the  bracken-fem,  or  brake,^  and  in  OsmuncU^  very 
large  in  proportion  to  the  parts  of  the  plant  visible  above 
ground. 

355.  Economic  Value  of  Ferns.  —  Ferns  of  living  species 
have  little  economic  value,  but  are  of  great  interest,  even 
to  non-botanical  people,  from  the  beauty  of  their  foliage. 

During  that  vast  portion  of  early  time  known  to  geolo- 
gists  as  the  Carboniferous  Age,  the  earth's  surface  in  many 
parts  must  have  been  clothed  with  a  growth  of  ferns  more 
dense  than  is  now  anywhere  found.  These  ferns,  with 
other  flowerless  herbs  and  tree-like  plants,  produced  the 
vegetable  matter  out  of  which  all  the  principal  coal  beds 
of  the  earth  have  been  formed. 

1  Pteris  aquilina. 
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356.  Reproduction  in  Ferns. — The  reproduction  of  fems 
ig  a  more  interesting  illustration  of  altemation  of  gen- 
erations  than  is  afforded  by  mosses.  The  sexual  plant, 
gametophyte^  is  the  minute  prothallium,  and  the  non- 
sexual plant,  Bporophyte^  which  we  commonly  call  the 
fem,  is  merely  an  outgrowth  from  the  fertilized  egg-cell, 
and  physiologically  no  more  important  than  the  sporophyte 
of  a  moss,  except  that  it  supplies  its  own  food  instead  of 
living  parasitically.  Like  this  sporophyte,  the  fem  is  an 
organism  for  the  production  of  vegetative  spores,  from 
which  new  plants  endowed  with  reproductive  apparatus 
may  grow. 

THE   STUDY   OF  A   CLUB-MOSS   {LYCOPODIUM) 

357.  Occnnenoe.  —  Several  species  of  Lycopodium  are  common  in 
rieh  woods  in  the  northern  and  mountainous  portions  of  the  eastern 
United  States.     Any  species  may  be  studied. 

358.  Examination.  —  Note  whether  the  plant  is  chiefiy  erect  or 
prostrate  and  vine-like.  Describe  the  mode  of  branching.  Arejbhe 
leaves  arranged  flat-wise  or  equally  on  all  sides  of  the  stem  ?  Describe 
the  leaves  briefly.  Are  they  all  of  one  kind  or  do  some  portions  of 
the  plant  evidently  have  s maller  leaves  ? 

Select  fruiting  specimens  and  determine  the  position  of  the  spo- 
rangia.  Is  the  leaf,  near  whose  base  each  sporangium  is  situated,  like 
the  ordinary  foliage  leaves  of  the  plant  ?  Are  the  fruiting  portions 
of  the  plant  similar  in  general  aspect  or  different  from  the  rest  of 
the  plant  and  raised  above  it  on  stalks  ?  Examine  the  spores.  Are 
they  all  of  one  kind  ? 

Tf  Selaginella  is  used  in  place  of  Lycopodium  or  for  comparison, 
two  kinds  of  sporangia  are  to  be  sought,  differing  chiefly  in  shape. 
Describe  each  briefly.  Compare  the  number  of  spores  in  each.  The 
larger  spores  (macroapores)  germinate  and  at  length  produce  pro- 
thallia  bearing  archegonia,  while  the  smaller  produce  prothallia 
bearing  antheridia.    The  archegonia,  after  fertilization,  develop  each 
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an  embryo.     This  grows,  remaining   for   a  time  attached  to  the 
macroBpore,  and  at  length  forms  a  new  spore-plant. 

THE   STUDY  OF   A   SCOÜRING-RUSH  {EQUISETUM) 

359.  Occurrence.  —  The  common  horse-tail,  Equisetum  arvense,  is 
widely  distributed  in  the  United  States,  east,  west,  north,  and  south. 
It  is  very  often  found  on  sand  hüls  and  along  raih*oad  embankments. 


Fio.  212.  —  Plant  of  Lyoopodlum  (X.  annoHnum). 


The  fruiting  stems  appear  very  eady  in  the  spring  and  are  of  short 
duration.  The  sterile  vegetative  growth  follows,  becoming  well 
grown  in  June. 

360.  Examination  of  Rootstocks  and  Roots.  —  Examine  the  Under- 
ground portions  of  the  plant  with  reference  to  general  size,  position, 
color,  shape,  and  position  of  notches.     After  studying  the  stema 
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above  ground  insert  here  any  evident  points  of  coroparison.  Do  you 
find  any  special  forms  of  stem  development  suited  to  a  special  pur- 
pose?     Are  there  any  organs  in  the  nature  of  leaves? 


Fig.  213.— A  Scouiing-Hush  {Equisetum  aylvaticum).  At  the  right  is  a 
oolorless  fertile  stem,  in  the  middle  a  green  sterile  one,  and  at  the 
left  a  green  fertile  one. 


294  FOUNDATIONS  OF  BOTANY 

361.  Sterile  Sterns.  —  Examine  the  stems  above  ground  with 
reference  to  their  color  and  mode  and  degree  of  branching.  What 
ifl  the  character  of  the  leaves?  Do  the  stems  in  anysense  serve  aa 
leaves?  Observe  the  nodes  composing  the  stem  and  note  the  Posi- 
tion of  the  leaves  on  the  stems.  Do  they  appear  to  be  placed  seyeral 
at  the  same  leyel  (whorled)  ? 

Examine  with  a  magnifying  glass  the  surfaoe  of  the  stem  and 
note  the  number  of  ridges  and  grooves.  Compare  the  number  and 
Position  of  the  leaves  with  reference  to  these. 

362.  Mineral  Matter  in  Stem.  —  Treat  small  pieces  of  the  stem 
with  strong  nitric  acid  to  remove  all  vegetable  substance  and  note 
the  mineral  substance  remaining.  Treat  in  a  similar  way  thin  cross- 
sections  and  examine  under  the  microscope.  The  substance  is 
silica.  It  gives  the  plant  its  gritty  f  eeling  and  its  name  and  use  as 
"  scouring-rush."  Of  what  use  is  it  to  the  plant?  üse  of  the  same 
substance  in  outer  rind  of  com  stem,  bamboo  stem,  and  straw  of 
grains? 

363.  Microscopic  Ezamination.  —  Make  thin  cross-sections  of  the 
stem  and  examine  under  the  lowest  power  of  the  microscope.  Make 
a  diagrammatic  sketch  to  indicate  the  central  cavity,  the  number 
and  Position  of  the  fibro-vascular  bundles,  the  cavity  or  canal  in 
each,  the  ring  of  tissue  surrouuding  the  ring  of  bundles,  and  the 
larger  cavities  or  canals  outside  of  this.  Where  is  the  Chlorophyll 
located?  Can  stomata  be  found,  and  if  so,  what  is  their  location 
and  arrangement? 

364.  Fertile  Stems.  — Describe  the  fruiting  stem  with  reference  to 
general  aspect,  size,  color,  number,  and  length  of  internodes,  position 
of  spore-bearing  portion,  color  of  spores  in  mass.  Note  the  shield- 
shaped  bodies  (transformed  leaves  or  sporophylls)  composing  the 
cone-like  "fiower"  and  see  whether  any  joints  can  be  detected  where 
they  are  attached.  Examine  the  inner  surface  of  the  shields  for 
sporangia  and  spores.  Examine  the  sporangia  under  a  low  power 
of  the  microscope.  Examine  sorae  spores  under  a  higher  power. 
Note  the  two  bands,  elatersy  on  each  spore,  crossing  each  other  and 
attached  only  at  the  point  of  crossing,  forming  four  loose  appendages. 
Watch  these  while  some  one  moistens  them  by  gently  breathing 
upon  them  aa  they  lie  uncovered  on  the  slide  under  the  microscope 
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and  note  the  effect.     Also  note  the  effect  of  drying.     How  does  this 
affect  the  spores  ?    Use  of  the  bands  ? 

365.  Germination  of  Spores.  —  The  spores  germinate  while  fresh 
and  form  prothallia  corresponding  to  those  of  fems,  but  generally 
dioecious.  The  prothallium  which  bears  the  antheridia  remains 
comparatively  small,  and  the  antheridia  are  somewhat  siinken.  The 
others  grow  much  larger  and  branch  prof usely. 
The  terminal  portion  becomes  erect  and  ruffled. 
Near  this  part  the  archegonia  are  formed,  quite 
similar  to  those  of  ferns.  The  embryo  plant 
developing  from  the  germ-cell  has  its  first  leaves 
in  a  whorl.  This  at  length  grows  into  a  spore- 
plant like  that  shown  in  Fig.  213. 

About  twenty-five  species  of  Equisetum  are 
known.  Several  may  be  looked  for  in  any 
locality  and  may  well  be  compared  with  the  one 
described  above,  in  regard  to  form,  mode  of 
branching,  and  mode  of  fruiting. 

366.  Fern-Plants  (Pteridophytes).  — 
The  Pteridophytes  (literally  fern-plants) 
include  in  their  general  category  not  only 
fems  as  commonly  recognized,  but  several 
other  small  groups  which  are  very  inter- 
esting  on  account  of  their  diversity.  All 
cryptogams  higher  than  mosses  belong  in 
this  group.  In  moss  plants  the  individ- 
uals  growing  from  spores  and  bearing 
antheridia  and  archegonia,  the  gameto- 
phytes,  are  full-grown  leafy  plants,  and 
the  spore-bearing  plant,  or  sporophyte,  is 
merely  a  stalk  bearing  a  sporangium.  In 
all  the  fem-plants  the  reverse  is  true. 
The  individuals  growing  from  spores  and 
bearing  antheridia  and  archegonia  are  of 


Fig.  214.— Part  of  a 
Lobe  of  the  Mature 
Fe  male  Prothal, 
lium  of  Equitttum. 
(X  abont  60.) 

a,  month  of  a  ferti- 
lixed  arohegoniam. 
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minor  vegetative  development  (prothallia)^  while  the  spore- 
bearing  plant  is  a  leafy  plant,  even  a  tree  in  some  fems. 

The  ferns  in  the  strictest  sense  have  sporangia  derived 
from  the  epidermis  (transformed  hairs),  while  a  few  plants 
closely  resembling  them  in  general  aspect  [Botrychium^  etc.) 
have  sporangia  formed  in  the  tissue  of  the  leaf. 

In  the  next  subdivision,  the  water-ferns  (Fig.  215),  there 
is  little  resemblance  to  the  common  fems.  The  sporangia 
are  in  special  receptacles  at  the  basal  portion  of  the  plant. 
The  spores  are  of  two  kinds,  dioecious^  one  on  germination, 
producing  antheridia,  the  other  archegonia.  This  group 
includes  two  rooting  forms,  Marsilea  (with  leaves  resem- 
bling a  four-leaved  clover)  and  Pilularia^  bearing  simple 
linear  leaves,  and  two  floating  forms,  Salvinia  (Fig.  215) 
and  Azolla. 

The  remaining  groups  of  fem-plants  are  the  horse-tails 
and  the  club-mosses.  The  horse-tails  have  only  one  kind 
of  spore  and  are  pecnliar  chiefly  in  their  vegetative  aspect 
(Fig.  213),  while  the  spore-bearing  leaves,  or  sporophylls, 
are  arranged  in  the  form  of  a  cone,  as  already  shown. 

The  club-mosses  include  some  plants  which,  as  their 
name  implies,  have  a  superficial  resemblance  to  a  large 
moss,  with  the  addition  of  a  club-shaped  stalked  fruiting 
spike.  These  are  the  so-called  "ground  pines"  and  the 
running  ground  "  evergreens  "  used  for  Christmas  festoons 
in  New  England.  Technically  the  group  is  distinguished 
by  the  possession  of  firm-walled  sporangia  formed  singly 
near  the  bases  of  the  leaves.  The  ordinary  club-mosses 
already  referred  to  have  but  one  kind  of  spore,  while 
plants  called  Selayinella  and  Isoetes  have  two  kinds  of 
spores,    in   this  respect   resembling   Marsilea.     In  many 
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species  o£  Selaginella  the  leaves  are  arranged  flat-wise  on 
the  stem,  so  that  considered  physiologically  the  branch- 
ing  stem  and  its  leaves  together  serve  as  a  foliage  leaf. 
In  one  of  the  conunonest  American  forms,  however,  the 
stem  is  more  nearly  erect,  and  the  leaves  are  all  alike  and 
four-ranked. 

Isoetes  (quill-wort)  grows  attached  to  the  soil  in  shallow 
water  at  the  bottoms  of  ponds.  It  has  the  aspect  of  short 
grass  growing  in  bunches.  The  large  sporangia  are  at  the 
broad  bases  of  the  leaves. 

367.  High  Organization  of  Pteridophytes.  —  The  student 
may  have  noticed  that  in  the  scouring-rush  and  the  club- 
moss  studied  there  are  groups  of  leaves  greatly  modified 
for  the  purpose  of  bearing  the  spomngia.  These  groups 
are  more  nearly  equivalent  to  flowers  than  anything  found 
in  the  lower  spore-plants,  and  the  fem-plants  which  show 
such  structures  deserve  to  be  ranked  just  below  seed-plants 
in  any  natural  System  of  Classification. 

The  variety  of  tissues  which  occur  in  pteridophytes  is 
frequently  nearly  as  great  as  is  found  in  ordinary  seed- 
plants,  and  the  fibro-vascular  system  is  even  better  devel- 
oped  in  many  ferns  than  in  some  seed-plants. 

Starch-making  is  carried  on  by  aid  of  abundant  Chloro- 
phyll bodies  contained  in  parenchyma-cells  to  which  car- 
bonic  acid  gas  is  admitted  by  stomata.  In  many  cases 
large  amounts  of  reserve  food  are  stored  in  extensive  root- 
stocks,  so  that  the  spring  growth  of  leaves  and  stems  is 
extremely  rapid. 


CHAPTER   XXIII 
THE   EVOLUTIONARY   mSTORY  OF   PLANTS 

368.  The  Earliest  Plant  Life.  — What  sort  of  plants  first 
appeared  on  the  earth  has  never  Leen  positively  ascertained. 
The  oldest  known  rocks  contain  carbon  (in  the  form  of 
blac^  lead  or  graphite)  which  may  represent  the  remnants 
of  plants  charred  at  so  high  a  temperature  and  under  so 
great  pressure  as  to  destroy  all  traees  of  plant  strueture. 
Some  objects  supposed  by  many  to  be  the  remains  of  large 
algSB  have  been  found  in  rocks  that  date  back  to  a  very 
early  period  in  the  life  history  of  the  earth,  before  there 
were  any  backboned  animals,  unless  possibly  some  fishes. 
Judging  from  the  way  in  which  the  various  groups  of 
plants  have  made  their  appearance  from  the  time  when 
we  can  begin  clearly  to  trace  their  introduction  upon  the 
earth,  it  is  probable  that  some  of  the  simplest  and  lowest 
forms  of  thallophytes  were  the  first  to  appear.  Decaying 
animal  or  vegetable  matter  must  have  been  less  abundant 
than  is  now  the  case,  so  that  a  plant  that  conld  make 
part  6r  all  of  ite  food  from  raw  materials  would  have  had 
a  better  chance  than  a  saprophyte  that  could  not.  Water- 
plants  are  usually  simpler  than  land-plants,  so  it  is  highly 
probable  that  some  kind  of  one-celled  aquatic  alga  was 
the  first  plant. 

369.  Fossü  Plants.  —  Fossils  are  the  remains  or  traees 
of  animals  or  plants  preserved  in  the  earth  by  natural 
processes.     Fossil  plants,    or  parts   of   plants,   are   very 
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common ;  the  impressions  of  fern-leaves  in  bituminous  coal 
and  pieces  of  wood  tumed  into  a  flint-like  substance  are 
two  of  the  best  known  examples. 

The  only  way  in  which  we  can  get  knowledge  about 
the  animals  and  plants  that  inhabited  the  earth's  surface 
before  men  did  is  by  studying  such  rocks  as  contain  the 
remains  of  living  things.  In  this  way  a  great  deal  of 
information  has  been  gained  about  early  forms  of  animal 
lif e  and  a  less  amount  about  early  plant  lif e,  —  less  because 
as  a  general  thing  plants  have  no  parts  that  would  be 
as  likely  to  be  preserved  in  the  rocks  as  are  the  bones 
and  teeth  of  the  higher  animals  and  the  Shells  of  many 
lower  ones. 

370.  The  Law  of  Biogenesis.  —  An  extremely  important 
principle  established  by  the  study  of  the  development  of 
animals  and  plants  from  the  egg  or  the  seed,  respectively, 
to  maturity  is  this  :  The  development  of  every  individMol  is 
a  brief  repetition  of  the  development  of  its  tribe.  The  prin- 
ciple just  stated  is  known  as  the  law  of  biogenesis.  As 
eggs  develop  during  the  process  of  incubation,  the  young 
animals  within  for  a  considerable  time  remain  much  alike, 
and  it  is  only  at  a  comparatively  late  stage  that  the  wing 
of  the  bird  shows  any  decided  difference  from  the  fore-leg 
of  the  alligator  or  the  turtle.  Zoölogists  in  general  are 
agreed  that  this  likeness  in  the  early  stages  of  the  life 
history  of  such  different  animals  proves  beyond  reasonable 
doubt  that  they  all  have  a  common  origin,  that  is,  are 
descended  from  the  same  kind  of  ancestral  animal. 

Among  plants  the  liverworts  and  ferns  supply  an  excel- 
lent  illustration  of  the  same  principle.  In  both  of  the  groups 
the  fertilized  egg-cells,  as  the  Student  may  have  learned 
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by  his  own  observations,  are  much  alike.  As  the  egg-cell 
grows  and  develops,  the  sporophyte  of  a  liverwort,  which 
proceeds  from  the  egg-cell,  is  extraordinarily  unlike  the 
"  fern  "  or  asexual  generation  (gametophyte)  among  Filices. 
Now  this  progressive  unlikeness  between  liverworts  and 
f erns,  as  they  develop  from  the  f ertilized  egg-cell,  points  to 
the  conclusion  that  both  groups  of  plants  have  a  common 
origin  or  that  the  more  highly  organized  fems  are  direet 
descendants  of  the  less  highly  organized  livei'worts. 

371.  Plaints  form  an  Ascending  Series.  —  All  modern 
Systems  of  Classification  group  plants  in  such  a  way  as  to 
show  a  succession  of  steps,  often  irregulär  and  broken, 
seldora  leading  straight  upward,  from  very  simple  forms 
to  highly  complex  ones.  The  humblest  thallophytes  are 
merely  single  cells,  usually  of  microscopic  size.  Class 
after  class  shows  an  increase  in  complexity  of  stnicture 
and  of  function  until  the  most  perfectly  organized  plants 
are  met  with  among  the  dicotyledonous  angiosperms. 
During  the  latter  half  of  the  present  Century  it  first 
became  evident  to  botanists  that  among  plants  deep-seated 
reaemblancea  imply  actual  relationship^  the  plants  which 
resemble  each  other  most  are  most  closely  alpin  by  descent^ 
and  {if  it  were  notfor  the  fact  that  countless  f&rms  of  plant 
life  have  wholly  disappeared)  the  whole  vegetdble  kingdom 
might  have  the  relationships  of  its  memlers  worked  out  by  a 
sufficiently  careful  study  of  the  life  histories  of  individual 
plants  and  the  likeness  and  differences  of  the  several  grovps 
which  make  up  the  System  of  Classification} 

1  See  Campbeirs  Evolution  of  Plants  and  Warming's  Systematic  Botany, 
Preface  and  throughout  the  work.  In  the  little  flora  of  the  present  book,  the 
families  are  arranged  in  the  order  which,  accordinpr  to  the  best  recent  German 
authorities,  most  nearly  represents  their  relationships. 
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372.  Development  of  the  Plant  f  rom  the  Spore  in  Green 
Algse,  Liverworts,  and  Mosses. — The  coürae  which  the 
forms  of  plant  Life  have  foUowed  in  their  successive  ap- 
pearance  on  the  earth  may  be  traced  by  the  application 
of  the  law  above  named.  Such  algaö  as  the  pond-scums 
produce  spores  which  give  rise  directly  to  plante  like  the 
parent. 

In  many  liverworts  the  spore  by  its  germination  produces 
a  thallus  which  at  length  bears  antheridia  and  archegonia. 
The  fertilized  archegonium  develops  into  a  sporophyte 
which  remains.attached  to  the  thallus,  altho.ugh  it  is  really 
a  new  organism.  Liverworts,  then,  show  an  altemation  of 
generations,  one  a  sexual  thallus,  the  gametophyte,  the 
next  a  much  smaller,  non-sexual  sporophyte,  and  so  on. 

A  moss-spore  in  germination  produces  a  thread-like  pro- 
tonema  which  appears  very  similar  to  green  algae  of  the 
pond-scum  sort.  This  at  length  develops  into  a  plant  with 
stem  and  leaves,  the  sexual  generation  of  the  moss.  The 
fertilized  archegonium  matures  into  a  sporophyte  which  is 
the  altemate,  non-sexual  generation.  This  is  attached  to 
the  moss-plant,  or  gametophyte,  but  is  an  importan^  new 
organism.  In  the  moss,  as  in  the  liverwort,  the  sexual 
generation  is  the  larger  and  the  more  complex  ;  the  non- 
sexual generation  being  smaller  and  whoUy  dependent  for 
its  food  supply  on  the  other  generation,  to  which  it  is 
attached. 

373.  Development  of  the  Plant  f  rom  the  Spore  in  Pterido- 
phytes.  —  In  the  pteridophy tes  there  is  an  altemation  of 
generations,  but  here  the  proportions  are  reversed,  the 
prothallium,  or  sexual  generation,  or  gametophyte,  being 
short-lived  and  small   (sometimes  nücroscopic),  and  the 
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non-sexual  generation,  the  sporophyte,  often  being  of  large 

size.  The  fems  (non-sexual  generation),  for  instance,  are 
perennial  plants,  some  of  them  tree- 
like. 

Some  pteridophytes,  as  the  Salvinioj 
a  small  floating  aquatie  plant,  some- 
times  known  as  a  water-fem  (Fig. 
215),  produce  two  kinds  of  spores, 
the  large  ones  known  as  macrosporeSy 
and  the  small  ones  known  as  micro- 
spores  (Fig.  216).  Both  kinds  pro- 
duce microscopic  prothallia,  those  of 
the  former  bearing  only  archegonia, 
those  of  the  latter  only  antheridia. 
From  the  prothallia  of  the  macro- 
spores  a  plant  (non-sexual  generation) 
of  considerable  complexity  of  struc- 
ture  is  formed. 
374.    Parts  of  the  Flower  whi^h  correspond  to  Spores.  — 

In  seed-plants  the  spore-formation  of  cryptogams  is  repre- 

sented,    though    in    a    way    not 

at    all    evident   without   careful 

explanation.       The   pistil  is  the 

macrospore-producing  leaf  or  mao- 

rosporophyll^  and   the  stamen  is 

the  microspore-producing  leaf  or 

microsporophyll,     Pines  and  other 

gymnosperms  produce  a  large  cell 

(the    embryo   sac)    in   the   ovule 

(Fig.  217),  which  corresponds  to  the  macrospore,  and  a 

poUen  grain    which   repi-esenU  the    microspore.      In  its 


Fio.  216.  — A  Water-Fero 
{ScUvinia). 


Fig.  21 6.-TWO  Indusiaof  Salrinta. 
mi,  micro6iK>re8 ;  ma^  nuicro- 
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development  the  macrospore  produces  an  endospenn  which 
is  really  a  small  cellular  prothallium,  concealed  in  the  ovule. 
The  microspore  contains  vestiges  of  a  minute  prothallium. 

In  the  angiosperms  the  macrospore  and  its  prothallium 
are  still  less  developed,  and  the 
microspore,  or  pollen  grain,  has 
lost  all  traces  of  a  prothallium 
and  18  merely  an  antheridium 
which  contains  two  generative 
cells.^  These  are  most  easily 
Seen  in  the  pollen  grain,  but 
sometimes  they  are  plainly  visi- 
ble  in  the  pollen  tube  (Fig.  164). 

Phanerogams  are  distinguLshed 
from  all  other  plants  by  their 
power  of  producing  seeds,  or 
enclosed  macrosporangia,  with 
embryos. 

375.  The  Law  of  Biogenesis 
and  the  Relationships  of  the  Great 
Croups  of  Plants. — On  summing 
up  Sects.  872-374  it  is  evident 
that  the  sexual  generation  in 
general  occupies  a  less  and  less 
important  share  in  the  life  of  the 
plant  as  one  goes  higher  in  the  scale  of  plant  life.^  In  the 
case  of  the  rockweed,  for  instance,  the  sexual  generation 
is  the  plant.     Among  mosses  and  liverworts  the  sexual 

^  Sometimes  only  one  generative  cell  escapes  from  the  pollen  grain  into  the 
pollen  tube,  and  there  it  divides  into  two  cells. 

>  A  good  many  plants  of  low  Organization,  however,  are  not  known  to  pass 
throogh  any  sexual  stage. 


Fio.  217.— Longitudinal  Sectio» 
through  Fertllized  Ovule  of  a 
Spruce. 

Pt  poUeu  grains ;  <,  pollen  tubes ; 
n,  neck  of  the  archegonium ; 
a,  body  of  archegonium  with 
nucleuB ;  c,  embryo  sac  fllled 
with  endosperm. 


304  FOUNDATIONS   OF  BÜTANY 

generation  is  still  very  prominent  in  the  life  of  the  plant. 
Ordinary  fems  show  us  the  sexual  generation  existing  only 
as  a  tiny  independent  organism,  living  on  food  materials 
which  it  derives  from  the  earth  and  air.  In  the  Salvinia 
it  is  reduced  to  microscopic  size  and  is  wholly  dependent 
on  the  parent-plant  for  support.  Among  seed-plants  the 
sexual  generation  is  so  short-lived,  so  microscopic,  and  so 
largely  enclosed  by  the  tissues  of  the  flower  that  it  is  com- 
paratively  hard  to  demonstrate  that  it  exist«. 

The  fact  that  the  life  history  of  so  many  of  the  classes 
of  plants  embraces  a  sexual  stage,  in  which  an  egg-cell  is 
fertilized  by  some  sort  of  specialized  cell  produced  wholly 
for  use  in  fertilization,  tends  strongly  to  show  the  com- 
mon origin  of  the  plants  of  all  such  classes.  We  have 
reason  to  believe,  frora  the  evidence  afforded  by  fossils, 
that  plants  which  have  only  a  sexual  generation  are 
among  the  oldest  on  the  earth.  It  is  therefore  likely  that 
those  which  spend  the  least  portion  of  their  entire  life  in 
the  sexual  condition  were  among  the  latest  of  plants  to 
appear.  Then,  too,  those  which  have  the  least  developed 
sexual  generation  are  among  the  latest  of  plants.  Judged 
by  these  teste  the  angiosperms  must  be  the  most  recently 
developed  of  all  plants. 

If  one  were  to  attempt  to  arrange  all  the  classes  of 
existing  plants  in  a  sort  of  branching  series  to  show  the 
way  in  which  the  higher  plants  have  actually  descended 
from  the  lower,  he  would  probably  put  some  one  of  the 
green  algae  at  the  bottom  and  the  angiosperms  at  the  top 
of  the  series. 

376.  The  Oldest  Angiosperms.  —  It  is  impossible  to  give 
•iny  of  the   reasons   for   the  Statements   of  this   section 
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without  making  an  undulj  long  chapter.  Briefly,  it  maj 
be  stated  that  the  monocotyledons  are  tbe  simplest  and 
probably  the  oldest  angiosperms ;  the  dicotyledons  ai*e 
higher  in  Organization  and  came  later.  The  descent  and 
various  relationships  of  the  famiUes  of  dicotyledons  can 
be  discovered  by  the  study  of  the  flower,  fruit,  and  seed 
better  than  by  the  examination  of  the  vegetative  organs. 

The  entire  pedigree  of  the  several  families  cannot  be 
represented  by  ananging  the  names  of  the  families  in  a 
straight  line.  It  is,  however,  in  a  general  way,  as  indi- 
cated  by  the  succession  of  families  in  the  Flora  which 
accompanies  this  book,  the  Willow  Family  being  perhaps 
the  oldest  (of  the  more  familiär  ones)  and  the  Composite 
Family  the  youngest. 


Part  II 

ECOLOGY 
CHAPTER   XXIV 

PLAUT  socmriES 

377.  Ecology.  —  Plant  ecology  includes  all  that  portion 
of  botany  which  has  to  do  with  the  way  in  which  plants  get 
on  with  their  animal  and  plant  neighbors,  and  especially 
the  way  in  which  they  adjust  themselves  to  the  nature 
of  the  soil  and  climate  in  which  they  live.  Ecology,  in 
short,  discusses  the  relations  of  plants  to  their  surround- 
ings  or  environment.  A  good  deal  of  what  has  been  said 
in  previous  chapters  about  such  topics  as  parasitic  plants, 
the  occurrence  of  winter  bud-scales,  the  movements  of 
leaves,  the  coating  of  hairs  on  stems  and  leaves,  the 
storag^  of  water  in  epidermis-cells,  is  really  ecological 
botany,  although  it  is  not  so  designated  in  the  sections 
where  it  occurs. 

378.  Plant  Societies.  —  In  a  single  acre  of  woodland, 
of  marsh,  or  of  meadow,  there  will  usually  be  found  a 
large  number  of  species  of  plants.  One  species  may  be 
sufficiently  abundant  and  conspicuous  to  give  a  name  to 
the  whole  tract,  so  that  it  may,  for  instance,  be  recognized 
as  a  bit  of  birch  wood  or  of  cat-tail  swamp.  Bat  under 
the  birches  and  among  the  cat-tails  there  are  plants,  it  may 
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be,  of  a  hundred  other  kinds  —  the  seed-plants  —  not  all  in 
bloom  at  anj  one  season,  but  Coming  along  in  succession 
from  earliest  spring  until  the  approach  of  winter.  The 
entire  set  of  plante  which  naturally  occupies  a  given  area 
of  land  under  somewhat  uniform  conditions  is  called  a 
plant  Society. 

379.  Similar  Societies  due  to  Similar  Conditions.  —  As 
soon  as  the  young  botanist  begins  to  collect  plants  in  a  set 
of  localities  new  to  him,  he  discovers  that  his  old  acquaint- 
ances  are  still  to  be  found  grouped  as  he  has  been  accus- 
tomed  to  see  them.  The  rieh  black  loam  of  a  wooded 
bank  a  hundred  miles  away  from  his  familiär  collecting 
ground  will  show  the  same  assemblage  of  slippery  elms 
and  lindens,  red  buds,  bladdemuts,  and  wahoos,  hepaticas, 
bloodrootSjDutchman's  breeches,  trilliums,  pepper  root,  and 
wild  ginger,  with  a  multitude  of  later-blooming  herba- 
ceous  plants,  that  he  has  learned  to  know  so  well.  The 
muddy  borders  of  ponds  from  Maine  to  Minnesota  and 
beyond  are  fringed  with  the  same  kinds  of  bur-reeds  and 
sedges,  set  with  water-plantain,  and  decorated  with  the 
soft  white  blossoms  of  the  arrowhead.  The  sand  dunes 
along  the  northern  Atlantic  coast  and  those  that  border 
Lake  Michigan  are  clothed  with  a  sparse  Vegetation  which 
in  both  cases  includes  the  little  beach  plum,  such  coarse 
grasses  as  that  shown  in  Plate  I,  and  the  straggling  sea 
rocket.  Barnyards  and  waste  grounds  about  farm  build- 
ings  from  Massachusetts  to  Missouri  contain  such  weeds 
as  the  dog  fennel,  the  low  mallow  ("cheeses"),  mothei> 
wort,  catnip,  and  some  smartweeds. 

A  little  study  of  such  cases  soon  leads  one  to  the  con- 
clusion  that  these  plant  societies  and  multitudes  of  others 
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exist  because  all  the  planU  in  each  soeiety  are  adapted  to 
thetr  special  environment.  Wherever  such  an  environment 
occurs  such  a  society  will  be  found  in  it,^  or,  if  not  already 
there,  will  flourish  when  introduced. 

380.  Similar  Species  replace  Each  Other.  —  Two  sets  of 
localities  alike  in  many  respects  but  unlike  in  some  points 
are  often  inhabited  by  different  species  of  the  same  genus. 
For  instance,  the  pine  barrens  of  New  England  and  the 
adjacent  states  are  commonly  covered  with  the  northem 
pitch  pine,  while  far  southward,  in  sandy  soil,  its  place 
is  taken  by  the  long-leaved  pine.  Along  streams  and 
ßwamps  northward  the  speckled  alder  is  generally  found, 
while  southward  the  smooth  alder  is  most  common.  In 
rieh  woods  of  the  northeastern  United  States  the  painted 
trillium  and  the  erect  trillium  ("Benjamin,"  or  *'squaw 
root ")  are  the  commonest  species,  while  far  south,  in  simi- 
lar localities,  the  sessile  trillium,  Underwood's  trillium, 
and  the  large-flowered  trillium  are  abundant. 

In  all  such  cases  —  and  they  are  very  numerous  —  we 
are  to  infer  that  the  genus  is  peculiarly  well  adapted  to 
some  especial  set  of  conditions,  as  sandy  soil,  brooksides,  or 
the  rieh,  shaded  soil  of  woodlands.  But  the  more  northerly 
species  are  capable  of  enduring  the  severe  winters  and 
brief  Summers  of  their  region,  while  the  more  southerly 
ones  perhaps  cannot  do  so.  The  relative  warmth  of  the 
climates  in  which  they  live  may  not  be  the  only  reason,  or 
even  the  principal  reason,  for  the  distribution  of  such 
plants  as  those  just  mentioned,  but  it  is  one  factor  at  any 
rate.     And  it  is  certain  that,  on  the  whole,  most  of  our 

1  That  is,  in  localities  not  separated  by  such  natural  barriers  as  seas,  high 
moontainB,  or  deserts. 
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native  and  thoroughly  naturalized  plants  are  growing 
under  what  is,  for  them,  the  best  environment,  since  they 
cannot  usually  be  made  to  exchange  places  with  each 
other.  If  a  Square  mUe  of  land  in  Louisiana  were  to  be 
planted  with  Minnesota  species,  and  a  Square  mile  in 
Minnesota  with  Louisiana  species,  it  is  veiy  improbable 
that  either  tract,  if  left  to  itself,  would  long  retain  its 
artificial  flora.  To  this  rule  there  are,  however,  important 
exceptions  (see  Sect.  457). 

381.  Plant  Fonnations.  —  It  is  not  uneommon  to  find 
tracts  of  land  or  water  inhabited  by  g^reat  numbers  of 
plants  of  the  same  species  so  as  almost  to  exclude  aU 
other  plants  except  microscopie  cryptogams.  Fonds  and 
slowly  flowing  streams  are  often  filled  in  this  way  with 
the  water  hyacinth  or  the  American  lotus.  The  cane- 
brakes  of  the  south  and  the  wild  rice  swamps  along  north- 
em  lakes  and  rivers  are  other  examples  of  an  extremely 
simple  flora  spread  over  large  areas.  Prairies  not  infre- 
quently  for  hundreds  of  Square  miles  are  covered  mainly 
(not  entirely)  with  a  very  few  kinds  of  grasses.  Such 
assemblages  are  called  plant  formations  or  plant  colonies. 

382.  Ecological  Classification  of  Plants The  ordinaiy 

Classification  of  plants,  as  set  forth  in  Chapter  XIX,  is 
based,  as  far  as  possible,  on  their  actual  relationships.to 
each  other.  But  when  plants  are  classified  ecologically 
they  are  grouped  according  to  their  relations  to  the  world 
about  them.  They  may,  therefore,  be  gathered  into  as 
many  (or  more  than  as  many)  different  groups  as  there 
are  important  f  actors  influencing  their  modes  of  lif  e.  We 
may  classify  plants  as  light-loving  and  darkness-loving, 
as  requiring  free  oxygen,  and  not  requiring  it,  and  so  on. 
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Indieed,  one  of  the  most  useful  classifications  of  bacteria, 
f or  practical  purposes,  is  into  species  which  must  have  free 
oxygen,  that  is,  oxygen  not  chemically  combined  with  other 
substances,  in  order  to  grow  and  increase,  and  those  which 
can  live  without  it. 

The  most  important  consideration  in  classifying  seed- 
plants  on  ecological  grounds  is  based  on  their  require- 
ments  in  regard   to  water.     Grouped  with  reference  to  ' 
this  factor  in  their  life  all  plants  may  be  classed  as : 

(1)  Hydrophytes,  or  water-loving  plants. 

(2)  Xerophytes,  or  drought-loving  (or   perhaps   drought-tolerating) 

planta. 

(3)  MesophyteSf  or  plants  which  thrive  best  with  a  moderate  supply 

of  water. 

These  three  classes  do  not  fuUy  express  all  the  relations 
of  plants  to  the  water  supply,  so  two  others  are  found 
convenient. 

(4)  Tropophytes,  or  seasonal  plants  which  are  hydrophytes  during 

pisirt  of  the  year  and  xerophytes  during  another  part.^ 
(6)  HalophyteSf  or  salt  marsh  plants  and  "alkali"  plants,  species 
which  can  flourish  in  a  very  saline  soll. 

383.  Difflculties  in  Ecological  Classification.  —  It  seems 
at  first  sight  a  simple  matter  to  group  plants  in  regard  to 
their  need  of  water.  There  can  be  no  diiiiculty  in  classi- 
fying as  hydrophytes  all  plants  like  the  bladderworts,  water 
cresses,  certain  mosses,  and  many  lower  spore-plants  which 
live  only  in  water.  Cactuses,  aloes,  and  similar  plants  are 
recognized  at  sight  as  xerophytes.    But  the  chief  difficulty 

1  The  plants  which  E.  WarmiAg,  one  of  the  foremost  anthorities,  classes  as 
meeophytes  are  many  of  them  grouped  by  another  gieat  anthority,  A.  F.  W. 
Schimper,  as  tropophytes. 
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is  in  dividing  mesophytes  from  the  other  two  classes,  into 
which  they  shade  by  indefinite  gradations.  In  order  to 
know  whether  the  plants  of  a  region  have  plenty  of  water 
or  not,  we  must  know  not  only  how  many  inches  of  yearly 
rainfall  there  are,  but  also  what  the  soil  is  like,  what  is 
the  temperature  of  the  soil  and  air,  whether  or  not  there 
,  .^  are  dry  winds,  and  whether  there  are 

^/am  ^^S^  ^^  heavy  deWB<     A  liehen  on  a 

l)iire  rock  may  be  living  iilmost  ander 


Flu.  218.  —  Aquatic  Planta  :  Pond-Lilies  with  Floating  LeaTes  and 
Sedges  with  Aerial  Leaves. 

desert  conditions,  while  a  pitcher-plant  in  a  bog  near  by 
has  its  roots  in  standing  water  (or  in  ice)  nearly  all  the 
year  round. 

384.  Hydrophytes.  —  Some  of  these  are  herbaceous 
aquatic  plants,  like  the  duckweed,  the  pickerel-weed, 
the  pond-lily,  and  the  water-crowfoot ;  others,  such  as  the 
"calla"  (Bichardia),  the  buckbean,  the  cat-tail,  and  the 
sweet   flag,   many   ferns,   mosses,   and   liverworts,  prefer 
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damp  air  and  soll.  All  of  them  transpire  freely,  and  many 
of  them  cannot  live  at  all  undet  the  moisture  conditions 
which  suit  ordinary  plants. 

Some  aquatics  have  their  leaves  whoUy  submerged, 
others,  such  as  the  duckweed  and  the  pond-lilies  (Fig.  218), 
have  them  floating,  and  still  others,  like  the  sedges  in  the 
same  picture,  have  their  leaves  freely  exposed  to  the  air. 
A  few  plants  have  both 
water-leaves  and  air-leaves 
(Fig.  219).  Some  aquatie 
plants  are  rooted  in  the  mud, 
while  others  have  no  root« 
at  all,  or,  like  the  duckweed, 
have  only  water-root«. 

The  leaves  of  land-plants 
in  very  rainy,  subtropical 
climates  are  exposed  to  the 
attacks  of  parasitic  spore- 
plants  which  flourish  on 
their  surfaces.  To  ward  off 
the  attacks  of  these  it  is 
necessary  to  keep  water  f rom  accumulating  on  the  surfaces 
of  the  leaves.  This  result  is  secured  by  a  waxy  deposit  on 
the  epidermis  and  also  by  the  slender  Prolongation  to  drain 
off  surplus  water,  shown  in  Fig.  221.  That  this  slender 
leaf  tip  is  usef ul  in  the  way  suggested  is  proved  by  the  fact 
that  when  it  is  cut  squarely  off  the  leaf  no  longer  sheds 
water  freely. 

385.  Xerophytes.  —  A  xerophyte  is  a  plant  which  is 
capable  of  sustaining  life  with  a  very  scanty  supply  of 
water.     Since  the  first  plants  which  existed  were  aquatics 


Fio.  219.  —  Submerged  and  Aiirial  Leaves 
of  a  European  Crowfoot  {Ranunc%Uu$ 
Pur»hi%).  The  leaf  with  thread-like 
diviflions  is  the  submerged  one. 
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Fio.  220.  —  The  Duckweed,  a  Floating 
Aqoatic  Plant. 


(Sect.  368),  we  must 
consider  that  xero- 
pyhtes  are  highly  spe- 
cialized  and  modified 
forms  adapted  to  ex- 
tremely  trying  condi- 
tions  of  life.  A  typical 
xerophyte  is  one  which 
can  live  in  a  very  dry 
soil  in  a  nearly  rain- 
lessregion.  Theyucca 
in  Plate  VII  and  the 
melon-cactns  (Fig.  49) 


are  good  examples  of  such  plants. 
Less  extremely  xerophytic  are  plants 
like  the  date-palm  (Fig.  64),  which 
flourishes  in  the  oases  of  the  Sahara, 
where  the  soil  is  moist  from  the 
presence  of  Springs,  though  rains  are 
almost  unknown,  or  the  houseleeks 
and  stonecrops  found  in  many  gar- 
dens,  the  so-called  S.panish  moss 
(Plate  IV),  and  lichens  (Figs.  198, 
199),  all  of  which  grow  most  rapidly 
in  moist  air,  but  cling  to  bare  rocks 
and  tninks  of  trees,  from  which  they 
get  no  water.  A  xerophyte  must 
be  capable  of  storing  water  and  tran- 
spiring  very  slowly,  like  cactuses, 
aloes,  stonecrops,  and  such  fleshy  plants 

1  Ficua  religio8a. 


Fio.  221.  — Leaf  of  an 
Fast  Indlan  Fig  Tree,i 
wlth  a  Slender  Taper- 
ing  Point  to  drain  off 
Water. 
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Fxo.  222.  ~  A  Field  of  Prickly-Pear  Caotiu  Plauts :  Xerophytes. 
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with  a  thick  epidermis^  or  eise  it  must  be  able  to  revive 
after  being  thoroughly  dried.  A  few  seed-plants  and 
many  such  spore-plants  as  lichens,  Pleurococcus  (Sect. 
277),  yeast,  and  some  bacteria  (Sect.  263),  thrive  just  as 
well  after  remaining  for  some  months 
or  years  in  a  dried  condition  as  they 
did  before  drying.  A  good  illiistration 
of  this  fact  as  regards  yeast  is  found  in 
the  use  of  dried  yeast  cakes,  made  of  a 
mixture  of  yeast  and  com  meal.  These 
will  raise  dough  promptly  when  mixed 
with  it,  even  if  they  have  been  kept 
dry  for  a  year  or  more. 

386.  Roots  and  Sterns  of  Xerophytic 
Seed-Plants.  —  Some  xerophytes  have 
roots  which  show  no  peculiarities  of 
form  or  structure,  but  many  make  special 
Provision  for  storing  food  and  water  in 
their  roots.  Such  roots  are  fleshy  and 
often,  as  in  ffarpagophytum  (Fig.  223), 
are  of  great  size  compared  with  the 
portion  of  the  plant  above  the  ground. 
Xerophytic  stenis  are  frequently  very 
thick  in  proportion  to  their  length, 
sometimes  even  globular,  and  they 
commonly  contain  large  ainounts  of  water.  In  leafless 
plants,  like  the  cacti,  the  surface  for  transpiration  is  much 
less  than  that  offered  by  leafy  plants.  Many  species  which 
bear  leaves  shed  most  of  them  at  the  beginning  of  the  dry 
season,  and  some  remain  thus  in  a  half  dormant  condi- 
tion for  long  periods,  as  is  the  case  with  many  Euphorbia^ 


FlO.  223.  —  Harpago- 
phytum ^  a  South 
African  Xerophyte. 


Platk  VII.  —  Tree  Yucca  in  the  Mohave  Desert 
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(Fig.  246).  The  epidermis,  even  on  the  yoiinger  portions 
of  the  stein,  is  highly  cutinized  (Fig.  121),  and  this  structure 
makes  any  evaporation  very  slow. 

387.  Leaves  of  Xerophytes.  —  In  regions  where  the 
greatest  dangers  to  Vegetation  arise  from  long  droughts 
and  the  excessive  heat  of  the  sun,  the  leaves  of  plants 
nsually  offer  much  less  surface  to  the  sirn  and  air  than  is 
the  case  in  temper- 
ate  cliraates.  Some- 
times  the  blade  of 
the  leaf  is  absent 
and  the  expanded 
petiole  answers  the 
purpose  of  a  blade, 

Or,   again,   foliage       Pio.  224.  — Cross-Sectionof  Rolled-Up  Leaf  ofCrow- 
leaveS    are    altO-  Berry  (Empetrum  nigrum).    (Magnifled.) 

gether  lacking,  as  in  the  cactuses  (Fig.  222),  and  the  green 
outer  layers  of  the  stem  do  the  work  of  the  leaves. 

388.  Rolled-Up  Leaves.  —  Leaves  which  receive  but  a 
scanty  supply  of  water  are  often  protected  from  losing  it 
too  rapidly  by  being  roUed  up,  so  that  the  evaporating, 
i.e.y  stomata-containing,  surface  is  ou  the  inside  of  the  roll. 
Sometimes,  as  in  the  crow-berry  (Fig.  224),  the  curled  con- 
dition  is  permanent.  In  other  plants,  as  in  such  grasses 
as  Stipa  (Fig.  225),  and  in  Indian  corn,  the  leaf  roUs  up 
when  the  weather  is  very  dry  and  unrolls  again  when  it 
receives  a  better  supply  of  water. 

389.  Mesophytes.  —  A  mesophyte  Ls  a  plant  which 
thrives  best  with  a  moderate  supply  of  water.  The  great 
majority  of  the  wild  and  the  cultivated  plants  of  the 
United  States  are  mesophytes,  and  what  has  been  learned 
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from  Part  I  of  this  book  about  the  forms,  structure,  and 
habits  of  ordinary  plants,  together  with  what  the  student's 
own  obßervation,  aside  from  the  study  of  botany,  has  taught 
him,  should  suffice  to  give  him  a  fair  idea  of  mesophytic 
plant  life. 

The  t3rpical  mesophyte  of  the  northem  United  States  is 
an  annnal,  since  most  of  our  larger  perennials  pass  the 
winter  in  a  xerophytic  condition,  to  avoid  destruction  by 
drying  up  during  the  long  period  when 
the  roots  can  absorb  little  or  no  water 


Fio.  225.  —  Cro«8-Section  of  I^eaves  of  a  Oraas,*  unrolled  for  Ezpostire  to 
Sunlight  and  rolled  up  to  prerent  Ev^aporation. 

r,  ridges  of  the  upper  epidennis,  with  many  stomata  on  their  siirfaoes ; 
e,  thiok  lower  epidermls,  without  stomata. 

from  the  frozen  soil.  Our  evergreen  coniferons  trees, 
such  as  pines,  spruces,  cedars,  and  so  on,  have  leaves  of 
decidedly  xerophytic  structure.  So  also  do  such  ever- 
green shrubs  as  the  rhododendrons,  wintergreen,  arbutus, 
hoUy,  and  bearberry.  Our  deciduous  trees  and  shrubs  and 
most  perennial  herbs  are  tropophytes  (Sect.  390). 

390.  Tropophytes,  or  Seasonal  Plants.  —  Examples  of 
these  are  most  deciduous  trees  and  the  majority  of  the 
perennials  of  temperate  regions,  for  instance  oaks,  elms, 
birches  among  trees,  and  tulips,  crown  imperials,  lilies, 
hyacinths,  spring-beauties,  peonies,  dahlias,  and  potatoes 
among  herbs.     Such  plants  have  a  pretty  large  surface  for 

1  SHpa  capülata. 
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transpiration  during  the  summer  (or  in  regions  like  South- 
ern California  in  the  rainy  season)  and  a  greatly  reduced 
surface  during  the  winter  (or  the  dry  season). 

In  the  case  of  trees  the  reduction  of  surface  is  brought 
about  by  the  fall  of  the  leaves  (Sect.  186),  and  in  the  case 
of  herbaceous  perennials  it  is  secured  by  the  death  of  the 
green  stem  and  the  leaves,  so  that  only  a  compact  root, 
rootstock,  or  bulb  is  left  alive  Underground.  That  is  to 
say,  the  perishable  or  annual  part  of  tropophytes  has  the 
characteristics  of  mesophytes  or  even  of  moisture-loving 
plants,  while  the  perennial  part  is  constructed  on  the  plan 
of  xerophytes. 

391.  Halophytes.  —  A  halophyte  is  a  plant  which  can 
thrive  in  a  soil  containing  much  common  salt  or  other 
saline  substances.  The  seaside  obviously  occurs  to  one  as 
the  region  of  halo- 
phytic  Vegetation, 
but  many  inland 
areas  contain  halo- 
phytic  plante,  for 
instance  the  neigh- 
borhoods  about  salt 
Springs  and  the 
"  alkali "  lands  of 
the  Southwest  and 
the  Pacific  Slope. 
The  presenee  of  salt 
in  the  soil  renders 
ab  Sorption  of  the 
soil-water  eomparatively  diflScult,  since  osmosis  takes  place 
more    readily   between   ordinary   water  and   the    liquid 


PlO.  226.  —  The  Mangrore,  a  Halophytic  Tree  of 
Soathern  Florida  and  the  Tropica. 
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Contents  of  rootphairs  and  young  roots  than  between  salt 
water  and  the  liquids  inside  the  root.  Halophytes,  there- 
fore,  are  put  on  short  rations  as  regards  water,  even 
though  they  may  be  growing  in  a  watery  marah.  Con- 
sequently  halophytes  often  have  much  the  appearance  of 
fleshy  xerophytes  and  the  structure  of  xerophytes. 

The  mangrove  tree  (Fig.  226)  is  one  of  the  most  remark- 
able  of  halophytes.  It  grows  in  shallow  water  along  the 
seashore  and  sends  out  many  aerial  roots  which  at  length 
find  their  way  down  into  the  salt  mud.  In  this  way  it 
coUects  drif t  material  and  gradually  extends  the  shore  line 
farther  out  to  sea. 

392.  Other  Kinds  of  Ecological  Classes.  —  It  is  easy  to 
class  plants  according  to  their  habits  in  many  other  regards 
than  according  to  their  relative  power  of  transpiration  (see 
Chapter  XXVI).  Only  one  other  kind  of  Classification 
need,  however,  be  mentioned  in  this  chapter,  that  is,  the 
di Vision  into  sun-loving  and  shade-loving  plants.  Even  in 
very  dense  forests  some  plants  will  be  found  growing  on 
the  soil  in  the  twilight  formed  by  the  shade  of  the  trees. 
Some  of  this  undergrowth  is  of  seed-plants,  and  there  are 
many  fems  and  mosses  which  flourish  in  such  situations. 
Shade-plants  commonly  have  large  pale  leaves,  and  gener- 
ally  (except  in  ferns)  the  leaves  are  not  much  cut  or 
lobed  (Fig.  227, 1).  Sun-loving  plants,  on  the  other  hand, 
usually  have  comparatively  little  leaf-surface,  and  the 
leaves  are  often  cut  into  narrow  divisions  (Fig.  227,  II). 
Apparently  the  broad  leaf^sui-faces  in  the  one  class  are  to 
expose  many  green  cells  to  the  light  for  starch-making, 
while  in  the  other  class  the  slender  leaf-divisions  expose 
enough    assimilating    cells,   and  at  the   same    time   the 
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narrowness  of  the  division   permits   plenty  of  light   to 

penetrate  to  the  plant's  lower  leaves.     It  is  also,  doubt- 

less,  much  easier  for  leaves  like  those  of  the  yarrow,  the 

dog  fennel,  the  tansy,  the  carrot,  and  their  like,  to  with- 

stand  the  action  of 

severe   winds,   to 

which  they  are  often 

exposed,  than  it 

would  be  for  leaves 

like  those  of  the  jack- 

in-the-pulpit  (see 

Frontispiece),  the 

trilliums,  the  lily-of- 

the- Valley,  and  simi- 

lar  leaves. 

393.  Transition  of 
a  Plant  from  Shade 
Conditions  to  Sun 
Conditions.  —  It  is 
characteristie  of 
many  kinds  of  forest 
trees  that  the  young 
seedlings  are  much 
more  tolerant  of 
dense  shade  than  the 
adult  trees  are. 
Sometimes  their  seeds  will  hardly  germinate  at  all  müess 
thoroughly  shaded,  and  the  young  trees  for  the  first  few 
years  flouiish  best  in  the  shade.  Afterwards  most  trees 
need  a  good  deal  of  sunlight,  but  they  may  live  long 
with  a  scanty  supply  of  light.     The  red  spruce  sometimes 


Fm.  227.  —  I,  a  Sluule-Plant  ( Clintonia) ;  II,  R  Sun- 
Plant,  Dog  Fennel  (Afaruta). 
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Fio.  228.  —  An  Epiphytio  Fern  (Platycerium)  on  a  Tree  Trunk. 

The  more  upright  leayes  next  the  trunk  of  the  tree  serve  to  collect  water 
and  to  accuroulate  a  deposit  of  decaying  yegetable  matter,  while  the 
oater  leaves  serve  as  foliage  and  bear  spores. 
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lingers  on  for  fifiy  or  a  hundred  years,  reaching  meantime 
a  diameter  of  not  more  than  two  inches,  and  then,  on 
getting  more  light,  shoots  up  into  a  large  and  valuable 
timber  tree.* 

394.  Epiphytes.  —  It  is  even  easier  for  a  plant  to  secure 
enough  sunlight  in  a  forest  region  by  perching  itself  upon 
the  trunk  or  bmnches  of  a  tree  than  by  climbing,  as  our 
wild  grapeyines  and  the  great  tropical  lianas  do.  There 
is  a  large  number  of  such  perched  plants,  or  epiphytes^ 
embracing  species  of  many  difEerent  groups  of  seed-plants 
and  of  spore-plants.  The  fern  shown  in  Fig.  228  is  a  good 
example  of  an  epiphyte.  Instances  among  seed-plants  are 
the  so-called  Florida  moss  (Plate  IV)  and  orchids  like 
those  in  Fig.  13. 

1  See  the  Primer  of  ForeBtry,  Part  I,  U.  S.  Department  of  Agricoltare, 
1899,  pp.  33-35. 


CHAPTER   XXV 
BOTANICAL   GEOGRAPHY 

395.  Regions  of  Vegetation.  —  The  earth's  surface  (that 
of  the  land)  has  been  described  by  one  of  the  greatest  of 
geographica!  botanists^  as  divided  into  twenty-four  regions 
of  Vegetation.  This  Classification  takes  account  of  all  the 
principal  Continental  areas  which  have  a  characteristic  set 
of  plants  of  their  own,  as  well  as  of  the  most  important 
islands.  But  a  simpler  arrangement  is  to  consider  the 
plant  life  of  the  earth  as  dLstributed  among  the  foUowing 

regions : 

1.  The  tropical  zone. 

2.  The  teniperate  zoues. 

3.  The  arctic  zones. 

4.  Mountain-heights. 

5.  Bodies  of  water. 

Any  good  geography  gives  some  account  of  at  least  the 
land  Vegetation  of  the  earth.  It  is  necessary  in  the  pres- 
ent  chapter  only  to  point  out  a  few  of  the  most  important 
characteristics  of  the  plants  of  the  zones  and  other  areas 
mentioned  above  and  to  give  some  reasons  why  the  plant 
Population  of  each  has  its  special  characteristics. 

396.  Tropical  Vegetation Within  the  tropics  two  of 

the  greit  factors  of  plant  life  and  growth,  namely,  light 
and  heat,  are  found  in  a  higher  degree  than  elsewhere 
on  the  earth.     Moisture,  the  third  requisite,  is  in  some 

1  A.  Grisebach. 
324 


BOTANTCAL  GEOGRAPHY  825 

regions  very  abundant  (over  sixteen  feet  of  rainfall  in  a 
year)  or  sometimes,  in  desert  areas,  almost  lacking.  We 
find  here,  accordingly,  the  greatest  extremes  in  amount 
of  Vegetation,  from  the  bare  sands  or  rocks  of  the  Sahara 
desert  (Fig.  229)  to  the  densely  wooded  basin  of  the 
Kongo  and  of  the  Amazon.  Xerophytic  plants,  many  of 
them  with  extremely  complete  adaptations  for  supporting 
life  for  long  periods  without  water,  are  characteristic  of 
tropical  deserts,  while  many  of  the  most,  decided  hydro- 
phytes  among  land-plants  are  found  in  the  dripping  sub- 


Fio.  229.  ~  Hills  of  l>rifted  Sand  in  the  Sahara. 

tropical  forest  interiors.  Throughout  a  large  part  of  the 
Zone,  reaching  five  degrees  each  way  from  the  equator, 
there  are  daily  rains  the  year  round. 

397.  Vegetation  of  the  Temperate  Zones.  —  We  are  all 
familiär  in  a  general  way  with  the  nature  of  the  plant 
life  of  the  north  temperate  zone ;  that  of  the  south 
temperate  is  in  most  ways  similar  to  our  own.  Most  of 
the  annuals  and  biennials  are  of  a  medium  type,  not 
decided  xerophytes  nor  hydrophytes,  and  the  perennials 
are  mainly  tropophytes.  There  are  no  desert  areas  so 
large  or  so  nearly  destitute  of  plants  as  those  found  in 
subtropical  regions,  neither  are  there  any  such  luxuriant 
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growths  as  occur  in  the  rainy  forest  regions  of  the  tropica. 
On  the  other  band,  the  largest  trees  on  earth,  the  "big 
trees,"  or  Sequoias  (Fig.  82),  occur  in  the  temperate  por- 
tion  of  North  America,  along  the  Sierra  Nevada,  and 
the  taller,  though  less  bulky,  gum  trees  (Eucalt/pttU)  of 
Australia  grow  in  a  wann  temperate  region. 

398.  Temperate  Plant  Societies  due  to  Special  Conditions 
of  Seil.  —  Even  where  the  climate 
is  a  moderate  one  as  regards  tem- 
perature  and  rainfall,  peculiar 
soils  may  cause  the  assemblage 
of  exceptional  plant  societies. 
Some  of  the  most  notable  of 
such  societies  in  temperate  North 
America  are  those  of  the  salt 
marshes,  the  sand  dunes,  and  the 
peat  bogs. 

In  salt  marshes  the  water  sup- 
ply  is  abundant,  but  plants  do  not 
readily  absorb  salt  water  by  their 
roots,  so  that  the  plants  which 
grow  in  salt  marshes  usually  have  • 
something  of  the  structure  and  appearance  of  xerophytes. 
Some  of  them  are  fleshy  (Fig.  230),  and  some  species  are 
practically  leafless. 

Sand  dunes,  whether  along  the  seacoast  or  near  the 
great  lakes,  ofifer  a  scanty  water  supply  to  the  roots  dur- 
ing  much  of  the  year,  and  the  soil-water  contains  less  of 
the  raw  materials  for  plant  food  than  is  offered  by  that 
of  ordinary  soils.  Many  grasses  thrive,  however,  in  these 
shifting  sands  (Plate  I),  and  some,  like  the  beach-grass 


Fio.  230.  — A  Halophytic  Plant 
{ScUicomia). 
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(Ammophila)  of  the  Atlantic  coast  and  the  great  lakes, 
will  continue  to  grow  upward  as  the  sand  is  piled  about 

them  by  the  wihds  until  they 
»    have  risen  to  a   level   of  a 
V  ^   hundred  f eet  above  the  start- 
,,,     '      ing  point. 
/  Peat    bogs   are   especially 

characterized  by  the  predominance  of 
the  peat  mosses  (Fig.  231)  from  which 
they  txike  their  name. 
These  plants  and  the  others  which  associ- 
ate  with  them  are  mostly  hydrophytes,  living 
iisuully  with  a  considerable  portion  of  the 
plant    coEitinually   submerged   in   the    bog 
wtiter,      The  water  of  such  bogs  contains 
little  niinenil  matter  and  only  a  very  scanty 
8upl>ly  of  iatrogen,  in  the  form  of  nitrates 
diftsolvcd  in  it.     The  bog-plants,  therefore, 
must  either  get  on  with  an  exceptionally 
small  supply  of  nitrogen  or  they  must  get 
it  f renn  an  iinusual  source.    The  peat  mosses 
ad<ipt  the  foriner  alternative,  while  the  sun 
de\v8  {Fig.   238),  the   pitcher-plants    (Fig. 
2*H7),  aiid  mme  otlier  species  adopt  the  latter  and 
derive  their  nitrogen  supply  largely  from  insects 
whitih  they  catcli,  kill,  and  digest. 

399*  Arctic  Vegetation.  —  The  seed-plants  of  the 
arctic  flora  are  mostly  perennials,  never  trees. 
By  the  large  bulk  of  the  Underground  portion 
as  compared  with  that  of  the  part  above  ground,  they 
are  adapted  to  a  climate  in  which  they  must  lie  dormant 


PlO.  231. 
Peat  MoM, 
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for  not  less  than  nine  months  o£  the  year.  The  flowera 
are  often  showy  and  appear  very  quickly  after  the  brief 
Summer  begins.  Mosses  and  lichens  are  abundant,  —  the 
latter  of  economical  importance  because  they  fumish  a 
considerable  part  of  the  food  of  reindeer. 

400.   Mountain  or  Alpine  Vegetation.  —  In  a  general  way 
the  effeet  of  ascending  a  mountain,  so  f ar  as  Vegetation  is 


Fio.  232.  —  A  Plant  of  Arctic  Willow.     (About  natural  size.) 

concemed,  is  like  that  of  traveling  into  colder  regions. 
It  was  long  ago  suggested,  in  regard  to  Mount  Ararat, 
that  on  ascending  it  one  traversed  first  an  Armenian,  then 
a  South  European,  then  a  French,  then  a  Scandinavian, 
and  finally  an  arctic  flora.  Up  to  a  ceitain  height,  which 
varies  in  different  latitudes,  the  slopes  of  mountains  are 
very  commonly  forestrcovered.  The  altitude  up  to  which 
trees  can  grow  (or  as  it  is  commonly  called  in  this  country 
the  "  timber  line  ")  is  somewhat  over  twelve  thousand  feet 
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in  the  equatorial  Andes  and  lessens  in  higher  latitudes  as 
one  goes  either  way  from  the  equator.  In  the  White 
Mountains,  for  instance,  the  timber  line  only  rises  to  about 
fonr  thousand  five  hundred  feet.  The  seed-plants  of  alpine 
regions  in  all  parte  of  the  earth  have  a  peculiar  and  charac- 
teristic  appearance.  It  is  easiest  to  show  how  such  plants 
differ  from  those  of  the  sarae  species  as  they  look  when 


Fig.  233.  —  Trees  near  the  Timber  Line  on  the  Slope  of  Pikea  Peak. 

growing  in  ordinary  situations  by  reference  to  the  plante 
themselves  or  to  good  pictures  of  them  (see  Fig.  235). 
The  differences  between  alpine  and  non-alpine  plants  of 
the  same  or  elosely  related  species  have  been  summed  up 
iis  f  oUows :  ^ 

"The alpine  individualshave  shorterstems,8mallerleaves, 
more  strongly  developed  roots,  equally  large  or  somewhat 
larger  and  usually  somewhat  more  deeply  colored  flowers, 
and  their  whole  structure  is  drought-loving  (xerophilous)." 

1  By  A.  F.  W.  Schimper. 
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FIG.  234.  —  Decrease  in  Size  of  Trees  at  High  ElevatiouB  (Canadian  Rockiea). 

Trees  at  great  elevations  become  much  gnarled  and 
stunted,  as  their  growth  is  necessarily  very  slow  (Fig. 
233).      The   gradual   diminution   of  the   height   of   the 
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trees  on  ascending  a  mountain  is  well  shown  in  Fig.  234. 
The  treeless  character  of  the  mountain  summit  is  also 
piain.  ^ 

Recent  experiments  have  shown  that  many  ordinary 
plants  promptly  take  on  alpine  characteristics  when  they 
are  transferred  to  moderate  heights  on  mountains.  For 
instance,  a  rather 
commonly  culti- 
vated  sunflower,^ 
when  planted  at  a 
height  of  about  six 
thousand  five  hun- 
dred feet,  inst^ad 
of  having  a  tall 
leafy  stem  pro- 
duces  a  rosette  of 
very  hairy  leaves 
lying  close  to  the 
groimd,  thus  be- 
coming  almost  un- 
recognizable  as  a 
sunflower.  The  A 
change  was  even 
greater  than  that 
shown  in  the  rock 
rose  (Fig.  235)  cultivated  by  the  same  experimenter.  The 
peculiarities  of  alpine  plants  appear  to  be  due  mainly  to 
the  intense  light  which  they  receive  during  the  daytime, 


Fio.  235.  —  Two  Plante  of  Rock  Roee  (Helianthemum). 

(Both  drawn  to  the  same  scale.) 

Af  low  ground  form  ;  B,  alpine  form. 


1  Part  of  the  dimination  is  only  apparent,  —  the  elf  ect  of  distance,  —  bnt  the 
growth  at  the  highest  levels  is  often  less  than  waist  high. 
'  HeliarUhus  tuberontSt  the  so-called  Jerusalem  artichoke. 
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to  the  strongly  drjring  character  of  the  air  in  which  they 
grow  (due  partly  to  its  rarefaction),  and  to  the  low  temper- 
ature  which  they  must  endure  every  night. 

401.  Aquatic  Vegetation.  —  Planta  which  live  whoUy  in 
water  often  need  a  less  complicated  System  of  organs  than 
land-plants.  True  roots  may  be  dispensed  with  altogether, 
as  in  many  seaweeds,  in  most  fresh-water  algae,  and  in 
some  seed-plants.  A  few  such  plants  have  mere  hold- 
fasts  that  keep  them  from  diifting  with  the  waves  or  the 
current.  Sometimes  roots  may,  as  in  the  duckweeds 
(Fig.  220),  serve  the  purpose  of  a  keel  and  keep  the 
flat,  expanded  part  of  the  plant  from  tuming  bottom  up. 
The  tissues  that  give  strength  to  the  stems  and  leaves  of 
land-plants  are  not  usually  much  developed  in  submerged 
aquatics,  since  the  water  Supports  the  weight  of  such 
plants.  In  some  algae,  as  the  common  rockweed  or  blad- 
der-wrack  (Fig.  183),  the  weight  of  the  plant  is  admi- 
rably  buoyed  up  by  large  air-bladders.  Transpiration  is 
done  away  with,  and  whatever  carbonic  acid  gas  or  oxygen 
is  absorbed  or  given  off  passes  directly  through  the  cell- 
walls  into  the  interiors  of  the  celLs.  Genei'ally  water- 
plants  do  not  reach  any  great  size,  but  some  species  are 
the  longest  of  known  plants,  Macrocy%ti%^  the  great  kelp 
of  the  Pacific  Ocean,  attaining,  it  is  said,  the  length  of  a 
thousand  feet  or  more.  In  spite  of  the  moderate  size  of 
most  algse  the  total  bulk  in  the  various  oceans  must  be 
extremely  large.  The  Sargasso  Sea  alone,  in  the  Atlantic 
Ocean,  reaches  most  of  the  way  from  the  Bahamas  to  the 
Azores  and  extends  over  seventeen  degrees  of  latitude. 
The  whole  area  is  occupied  by  a  nearly  compact  mass  of 
floating  seaweed. 
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Besides  the  comparatively  well-known  and  readily  seen 
lai-ger  algae  there  is  a  great  amount  of  Vegetation  floating 
in  what  is  known  as  the  plankton.  This  is  a  mass  of 
microscopie  animals  and  plants,  found  floating  scum-like 
er  submerged  in  fresh  and  in  salt  water  and  often  accu- 
mulated  in  great  quantities  near  shores,  to  which  it  is 
swept  by  the  action  of  the  wind  and  waves  and  currents. 
Much  of  the  plant  life  of  the  plankton,  both  of  fresh  and 
of  salt  water,  often  consists  of  the  flinty-shelled  one-celled 
microscopie  algae  known  as  diatoms  (Fig.  176). 

402.  Botanical  Geography  of  the  United  States.  —  All  of 
the  continuous  territory  of  the  United  States  ^  lies  in  the 
north  temperate  zone.  There  is  material  for  a  large  vol- 
ume  in  the  discussion  of  the  distribution  of  plants  over 
our  territory  in  this  continent  alone,  but  it  is  possible  to 
sum  up  a  mere  outline  of  the  matter  in  a  veiy  few  words. 
Excluding  the  floras  of  many  single  mountains  and  moun- 
tain  ranges,  the  land  surf ace  of  the  country  may  for  botan- 
ical purposes  be  divided  into  four  great  areas,  as  foUows : 

1.  77ie  Forest  liegton.  —  This  oecupies  the  eastern  and 
central  portion  of  the  United  States.  It  is  bounded  on 
the  west  by  an  irregulär  line,  most  of  which  lies  to  the 
eastward  of  the  hundredth  meridian.  In  some  places  this 
forest  boundary  extends  eastward  across  the  Mississippi 
River,  while  in  others  it  recedes  from  the  river  five 
hundred  miles  or  more  to  the  westward. 

2.  T^e  Great  Plains  Region,  —  This  extends  westward 
from  the  region  above  named  to  the  Rocky  Mountain 
Plateau. 

i  Tbat  18,  not  counting  in  Alaska,  our  West  Indian  possessions,  the  Sand- 
wich Islands,  or  the  Philippines. 
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3.  The  Pacific  Highland  Region.  —  This  includes  the 
Rocky  Mountains,  the  Sierra  Nevada,  and  the  varioos 
plateaus  between  them. 

4.  The  Pacific  Slope.  —  This  extends  from  the  Cascade 
Range  and  the  Sierra  Nevada  to  the  sea. 

403.  Characteristics  of  the  Four  Regions.  —  The  forest 
region  is  mainly  remarkable  f or  its  great  variety  of  hard- 
wood  trees,  of  which  it  contains  a  larger  number  of 
useful  species  than  any  equal  area  of  the  earth  with  a 
temperate  climate.  In  the  northeasterly  portion  and  in 
much  of  the  southerly  portion  there  are  extensive  forests 
of  the  cone-bearing  evergreens,  such  as  pines,  spruces, 
hemlocks,  and  cedars.  The  Vegetation  is  in  general 
such  as  thrives  in  medium  conditions  as  regards  heat 
and  rainfall. 

The  plains  region  is  largely  covered  with  grasses,  many 
of  them  xerophytes.  Some  of  the  most  characteristic  plants 
associated  with  the  grasses  are  Compositse,  such  as  sun- 
flowers,  rosin-weeds  (Silphium)^  cone-flowers,  gum-weeds 
(0-rindelia)^  and  blazing-stars  (Liatris). 

The  Pacific  highland  region  includes  a  very  great  vari- 
ety of  plant  societies,  from  the  heavily  wooded  mountain 
slopes  and  Valleys  to  high  sterile  plains  which  are  almost 
deserts.  Cone-bearing  evergreen  trees  are  very  character- 
istic of  the  forests.  Great  numbers  of  alpine  species  of 
herbs  and  shrubs  are  f ound  on  the  mountains  at  and  above 
the  timber  line.  In  the  alkali  regions,  where  the  soil  is 
too  füll  of  mineral  salts  to  permit  ordinary  plants  to  grow, 
many  kinds  of  xerophytes,  such  as  the  salty  sage  (AtripUx) 
and  the  greasewood  (Sarcobatue),  occur.  In  the  southem 
portipQ  cactuses  abound. 
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The  Pacific  Slope  is  characterized  by  cone-bearing  ever- 
greens  in  great  abundance  in  the  mountains  and  along  the 
foothills.  Chief  among  these  in  point  of  size  are  the  red- 
woods  and  the  "big  trees"  (Sequoias)  (Fig.  32).  Oaks 
are  represented  by  a  good  many  species,  several  of  them 
evergreen.  There  are  many  xerophytes,  some  of  them 
characteristic  of  alkali  regions;  and  in  Southern  California, 
on  accoont  of  the  long  dry  season,  plants  with  large  roots 
er  rootstocks  and  bulb-bearing  plants  (many  of  them 
belongfing  to  the  lily  family)  are  abundant.  The  tree 
yucca  (Plate  VIT)  is  one  of  the  largest  and  most  inter- 
esting  xerophytic  plants  of  North  America. 


CHAPTER   XXVI 

PASASITES,    ENSLAVED    PLANTS,    MESSMATES, 
CARNIVOROÜS    PLAUTS 

404.  Parasites.  —  A  little  was  said  in  Chapter  IV  about 
parasitic  plants,  and  the  life  history  of  one  of  them,  the 
dodder,  was  briefly  outlined  ;  another,  the  wheat  rust,  was 
discussed  in  Sects.  310-313.  A  parasitic  plant  is  one 
which  draws  its  supply  of  food  partially  or  wholly  from 
another  living  plant  or  animal  known  as  the  host  Some 
parasites  are  seed-plants,  but  a  far  greater  number  of 
species  are  spore-plants. 

405.  Half-Parasitic  Seed-Plants.  —  Half-parasites  or  par- 
tial  parasites  are  those  which  take  a  portion  of  their  food  (or 
of  raw  materials  to  make  food)  from  their  host  and  manu- 
facture  the  rest  for  themselves.  Usually  they  take  mainly 
the  newly  absorbed  soil-water  from  the  host  and  do  their 
own  starch-making  by  combining  the  carbonic  acid  gas, 
which  they  absorb  through  their  leaves,  with  the  water 
Stolen  by  the  parasitic  roots  or  haustoria  imbedded  in  the 
wood  of  the  host.  Evidently  the  needed  water  may  just 
as  well  be  taken  from  the  Underground  parts  of  the  host 
as  from  the  upper  portions,  and  accordingly  many  half- 
parasites  are  parasitic  on  roots.  This  is  the  case  with 
many  of  the  beautif ul  f alse  f oxgloves  ( Gerardia)^  with  the 
painted-cup  (CastiUeä),  and  some  species  of  bastard  toad- 
ÜSiX  (Comandra) ;  see  Flora.  Usually  these  root-parasites 
are  not  recognized  by  non-botanical  people  aa  parasites  at 
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Plate  IX.  —  A  Cottonwood  covered  with  Mistletoe 
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all,  but  in  Germaiiy  a  species  common  in  grain  fields  ^  and 
the  eyebright,  whichabounds  in  grass  fields,  are  respectively 
known  as  "hunger"  and  "  milk-thief,"  from  the  injury 
they  do  to  the  plants  on  which  they  fasten  themselves. 
The  mistletoe  is  a  familiär  example  of  a  half-parasite, 
which  roots  on  branches  (Plate  IX).  Among  the  scanty 
belts  of  cottonwood  trees  along  streams  in  New  Mexico  it 
is  necessary  to  lop  off  the  mistletoe  every  year  to  give  the 
tree  any  chance  to  grow.  Half-parasites  may  be  known 
from  plants  that  are  fully  parasitic  by  having  green  or 
greenish  foliage,  while  complete  parasites  have  no  Chloro- 
phyll and  so  are  not  at  all  green. 

406.  Wholly  Parasitic  Seed-Plants.  —  These  are  so  nearly 
destitute  of  the  power  of  assimilation  that  they  must  rob 
other  plants  of  all  needed  food  or  die  of  starvation.  Some, 
like  the  cancer-root  (see  Flora),  are  root-parasites ;  others, 
like  the  dodder,  are  parasitic  on  stems  above  ground.  The 
most  dependent  species  of  all,  such  as  the  flax-dodder,  can 
live  on  only  one  kind  of  host,  while  the  coarse  orange- 
stemmed  dodder,^  which  is  common  all  over  the  central 
and  the  northeastem  states,  grows  freely  on  many  kinds 
of  plants,  from  golden-rods  to  willows. 

407.  Parasitic  Cryptogams —  The  wheat  rust  (Sect.  81 0) 
affords  an  excellent  example  of  the  relations  between 
parasitic  fungi  and  their  hosts.  The  illustration  showing 
the  potato  blight  escaping  from  a  stoma  of  the  potato  leaf 
(Fig.  191)  shows  plainly  one  way  in  which  a  microscopic 
parasite  finds  its  way  out  of  the  tissues  of  the  host-plant 
to  ripen  and  scatter  its  spores. 

1  Älectorolophua  hirstUus. 
'  Ciiscuta  OroTiovii,  * 
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Perhaps  the  most  intei'esting,  certainly  to  us  the  most 
practically  important,  casea  of  parasitism  are  those  in 
which  the  bodies  of  animals,  and  especially  of  men,  are 
attacked  by  parasitic  plante.  Bacilli  and  other  bacteria 
of  many  species  (Sect.  268)  are  among  the  commonest 
parasites  which  use  the  bodies  of  animals  as  hosts,  and 
two  or  three  examples  will  serve  to  illustrate  how  they 
find  a  lodgment  in  the  host. 

Rieh  garden  soil,  the  dust  of  stables,  and  a  good  many 
other  sources  often.contain  immense  numbers  of  a  bacil- 
lus^  which  causes  lockjaw.  A  man  in  cleaning  hamess 
Scratches  his  hand  with  a  buckle,  introduces  the  bacilli 
into  his  System,  and  is  soon  taken  with  an  attack  of  lock- 
jaw. Sewage  water  often  swarms  with  the  bacilli  of 
typhoid  fever  ^  i^^S'  l''^^)«  The  people  in  a  city  drink 
unfiltered  water  from  a  river  into  which  sewage  has  been 
allowed  to  run  higher  np  stream,  the  bacilli  multiply  at  a 
rapid  rate  in  the  intestines  of  those  who  have  drunk  the 
water,  and  many  of  thera  are  taken  sick  with  typhoid 
fever.  The  phlegm  expectorated  by  consumptive  patients 
is  füll  of  the  consumption  bacillus ;  ^  this  phlegm  becomes 
dried  up  on  floors,  streets,  or  sidewalks,  it  is  breathed  by 
every  one  in  the  form  of  fine  dust,  and  in  the  lungs  of 
many  who  breathe  it  colonies  of  the  bacillus  are  formed 
and  the  disease  (consumption)  becomes  established  in 
these  persons. 

408.  Enslaved  Plants.  —  Cases  in  which  one  kind  of 
plant  is  useful  in  procuring  food  (or  the  raw  materials 
of  food)  for  another  kind  are  quite  common. 

The  relations  on  which  algse  and  fungi  live  together  in 

1  Bacilliui  tetani.         *  <  BacUliu  typhi.  •  Bacilliu  tnbercoloiis. 
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the  form  of  lichens  have  already  been  described  (Sect  331). 
It  is  not  correct  to  describe  tbe  condition  of  such  alg» 
as  slavery  if  the  term  is  meant  to  imply  that  they  derive 
no  benefit  from  the  association.     Perhaps  serfdom  is  a 
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Fig.  236.  —  Boots  of  Red  Clover  with  Tubercles. 

/,  sections  of  ascending  branohe« ;  6,  enlarged  ba«e  of  stem ;  t,  root^tnbercles 
containing  bacteria. 


more  suitable  word,  though  it  is  not  the  term  used  by 
botanists.  At  all  events,  the  alga  is  enclosed  within  a 
network  of  fungus  hyphse  from  which  it  cannot  readily 
escape,  and  there  does  most  of  the  work  of  the  liehen, 
including  all  of  tbe  manufaoture  of  food  from  carbon 
dioxide. 
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409.  Hessmates.^  —  Plant»  of  very  diverse  character, 
which  live  most  intimately  together  to  the  advantage  of 
both  parties,  may  be  called  messmates^  since  in  some  feshion 

or  other  they  divide  the 
food  supply  between 
them. 

Bacteria  live  in  col- 
onies  enclosed  in  root- 
tubercles  on  the  roots  of 
certain  plants,  for  in- 
stance,  beans,  peas,  lu- 
pines,  vetches,  and  clover 
(Fig.  236),  and  render 
the  greatest  service  to 
the  plant  to  which  the 
roots  belong,  from  which 
they  also  derive  food  and 
shelter.  Such  plants  do 
not  develop  root- 
tubercles  and  will  not 
grow  well  in  sterilized 
soil,  that  is,  soil  in  which 
the  bacteria  have  been 
killed  by  baking.  It  is 
found  that  the  bacteria 
serve  to  change  nitrogen 
taken  from  the  air  of  the  soil  into  nitric  acid,  which  is  a 
most  important  ingredient  in  the  manufacture  of  proteids. 
Many  trees,  for  example,  oaks,  beeches,  and  the  cone- 

^  This  term  is  borrowed  from  the  zotilogists  as  a  much  simpler  one  than 
symbionU  to  express  the  relation  variously  kiiown  as  symbiosis,  oommetuaUgm, 
or  mtäucUistn,  2  Sarracenia  purpurea. 


Fio.  237.  — Common  Pitcher-Plant.« 

At  the  right  one  of  the  pitcher-like  leares  is 
Bhown  in  croM-«ection. 
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Fio.  238.  —  Sundew  (Drosera  rotundifolia). 

bearingevergreens,  and  a  considerable  nuraber  of  herbaceous 
plants,  such  as  the  Indian  pipe  {Monotropa^  Plate  V), 
are  covered  with  a  growth  of  fungus  liyphse  (Sect.  307). 
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Fig.  239.  — Blade  of  I^af 
of  Sundew.  (Somewhat 
magnifled.) 


This  growth  completely  surrounds  the 
young,  active  tips  of  all  the  roote  and 
the  threads  of  the  mykorhiza^  as  it  is 
called,  seem  to  do  the  work  of  root- 
hairs. 

410.  Camivorous  Plants.  —  In  the 
ordinary  pitcher-plants  (Fig.  237)  the 
leaf  appears  in  the  shape  of  a  more  or 
less  hooded  pitcher.  These  pitchers 
are  nsually  partly  fiUed  with  water, 
and  in  this  water  very  many  drowned 
and  decaying  insects  are  commonly 
to  be  found.     The  insects  have  flown 

or  crawled  into  the  pitcher,  and,  once  inside,  have  been 

unable  to  escape  on  account  of  the  dense  growth  of  bristly 

hairs  about  the  mouth,  all  pointing  inward  and  downward. 

How  much   the  com- 
mon American  pitcher- 

plants  depend  for 

nourishment  on  the 

drowned  insects  in  the 

pitchers    is    not   defi- 

nitely  known,  but  it  is 

certain  that   some   of 

the  tropical  species  re- 

quire  such  food.^ 

-.  .  , ,  Fio.  240.  —  Leaves  of  Sundew.    (Somewhat 

In  other  rather  com-  magniüed.) 

mon    plants,     the    SUn-      The  one  at  the  left  has  all  it»  tentaclea  closed 
,  .  OTer  captured  prey ;  the  one  at  the  right  has 

CleWS,    insects    are         only  half  of  them  thus  clo«ed. 

1  Where  the  Sarracenia  is  abundant  it  will  be  found  interesting  and  profit- 
able to  make  a  careful  class  study  of  its  leaves.  See  G^des,  Chapten  in 
Modem  Botany,  Chapters  I  and  U. 
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caught  by  a  sticky  secretion  which  proceeds  from  haira  on 

the  leaves.     In  one  of  the  commonest  sundews  the  leaves 

consist  of  a  roimdish  blade,  bome  on  a  moderately  long 

petiole.     On  the  inner  surface  and  round  the  margin  of 

the  blade  (Fig.  239)  are  borne  a  considerable  nuniber  of 

short   bristles,    each   ter- 

minating  in  a  knob  which 

is  cövered  with  a  clear, 

sticky  liquid.      When  a 

small  insect  touches  one 

of  the  sticky  knobs,   he 

is  held  fast  and  the  hairs 

at   once   begin    to   close 

over  him,   as    shown   in 

Fig.  240.     Here  he  soon 

dies  and  then  usually  re- 

mains    for    many    day^, 

while  the  leaf  pours  out 

a    Juice    by    which    the 

soluble  parts  of  the  insect 

are  digested.     The  liquid 

containing    the    digested 

portions  is  then  absorbed 

by  the  leaf  and  contrib- 

utes  an  important  part  of  the  nourishment  of  the  plant, 

while  the  undigested  fragments,  such  as  legs,  wing-cases,- 

and  so  on,  remain  on  the  surface  of  the  leaf  or  may  drop 

off  after  the  hairs  let  go  their  hold  on  the  captive  insect. 

In  the  Venus  flytrap,  which  grows  in  the  sandy  regions 
of  eastem  North  Carolina,  the  mechanisra  for  catching 
insects  is  still  more  remarkable.     The  leaves,  as  shown  in 


Fio.  241.  —  Venu»  Flytrap. 
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Fig.  241,  terminate  in  a  hinged  portion  which  is  surrounded 
by  a  fringe  of  stiff  bristles.  On  the  inside  of  each  half 
of  the  trap  grow  three  short  hairs.  The  trap  is  so  sensi- 
tive that  when  these  hairs  are  touehed  it  closes  with  a  jerk 
and  very  generally  sueeeeds  in  capturing  the  fly  or  other 
inseet  which  has  sprang  it.  The  imprisoned  inseet  then 
dies  and  is  digested,  somewhat  as  in  the  case  of  those 
caught  by  the  sundew,  after  which  the  trap  reopens  and 
is  ready  for  fresh  captures. 

411.  Object  of  catching  Animal  Food.  —  It  is  easy  to 
understand  why  a  good  many  kinds  of  plants  have  taken 
to  catching  insects  and  absorbing  the  digested  producta. 
Camivorous,  or  flesh-eating,  plants  belong  usually  to  one 
of  two  classes  as  regards  their  place  of  growth  ;  they  are 
bog-plants  or  air-plants.  In  either  case  their  roots  find  it 
difficult  to  secure  much  nitrogen-containing  food,  that  is, 
much  food  out  of  which  proteid  material  can  be  built  up. 
Animal  food,  being  iteelf  largely  proteid,  is  admirably 
adapted  to  nourish  the  growing  parts  of  plants,  and  those 
which  could  develop  insectxjatching  powers  would  stand 
a  far  better  chance  to  exist  as  air-plants  or  in  the  thin, 
watery  soil  of  bogs  than  plants  which  had  acquired  no 
such  resources. 


CHAPTER   XXVII 
HOW  PLANTS  PROTECT    THEMSELVES    FROM  AIOMALS 

412.  Destruction  by  Animals.  —  All  animals  are  sup- 
ported  directly  or  indirectly  by  plante.  In  some  cases  the 
animal  secures  its  food  without  much  damaging  the  plant 
on  which  it  feeds.  Browsing  on  the  lower  branches  of  a 
tree  may  do  it  little  injury,  and  grazing  animals,  if  not 
numerous,  may  not  seriously  härm  the  pasture  on  which 
they  feed.  Fmit-eating  animals  may  -even  be  of  much 
Service  by  dispersing  seeds  (Sect.  458).  But  seed-eating 
birds  and  quadrupeds,  animals  which,  like  the  hog,  dig  up 
fleshy  roots,  rootstocks,  tubers  or  bulbs,  and  eat  them, 
or  animals  which,  like  the  sheep,  graze  so  closely  as  to 
expose  the  roots  of  grasses  or  even  of  forest  trees  to  be 
parched  by  the  sun,  destroy  immense  numbers  of  plants. 
So  too  with  wood-boring  and  leaf-eating  insects,  and  snails, 
which  consume  great  quantities  of  leaves. 

413.  Some  Hodes  of  Protection  from  Animals.  —  Many 
of  the  characteristics  of  plants  may  be  whoUy  or  partly 
due  to  adaptations  for  protective  purposes,  while  in  par- 
ticular  cases  we  cannot  be  sure  of  the  fact.  Perching  on 
lofty  rocks  or  on  branches  of  trees,  burying  the  perennial 
part  (bulb,  roots tock,  etc.)  Underground,  growing  in  dense 
masses,  like  a  canebrake  or  a  thicket  of  blackbeny  bushes  ; 
all  such  habits  of  plants  may  be  partly  or  altogether  val- 
uable  to  the  plant  as  means  of  avoiding  the  attacks  of 
animals,  but  this  cannot  be  proved.     On  the  other  band, 
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there  are  plenty  of  instances  of  structures,  habits,  or  accu- 
mulations  of  Btored  material  in  their  tissue  which  plants 
seem  to  have  acquired  mainly  or  entirely  bs  means  of 
defense.     Some  of  the  most  important  are: 

(1)  The  habit  of  keeping  a  bodyguard  of  ants. 

(2)  Mimicking  the  appearance  of  daugerouB  or  uneatable  plants,  or 

imitating  pebbles  or  earth,  so  that  they  may  be  overlooked. 

(3)  Forming  tough,  corky,  woody,   limy  or  flinty  and  therefore 

nearly  uneatable  tissue. 

(4)  Arming  exposed  parts  with  cutting  edges,  sharp  or  stinging 

hairs,  prickles,  or  thoms. 

(5)  Accumulating  unpleasant  or  poisonous  substances  in  exposed 

parts. 

414.-  Ant-Plants.  —  Some  ants  live  on  vegetable  food, 
but  most  of  them  eat  only  animal  food,  and  these  latter 
are  extremely  voracious.  It  has  been  estimated  by  a 
careful  scientist,  an  authority  on  this  subject,  that  the 
ants  of  a  Single  nest  sometimes  destroy  as  many  as  one 
hundred  thousand  insects  in  a  day.  The  Chinese  orange- 
growers  in  the  Province  of  Canton  have  found  how  useful 
ants  may  be  as  destroyers  of  other  insects,  and  so  they 
place  ant  nests  in  the  orange  trees  and  extend  bamboos 
across  from  one  tree  to  another,  to  serve  as  bridges  for  the 
ants  to  travel  on. 

Certain  tropical  trees,  in  order  to  insure  protection  by 
ants,  offer  them  especial  inducements  to  establish  colonies 
on  their  trunks  and  branches.  The  attractions  which  are 
offered  to  ants  by  various  kinds  of  trees  differ  greatly. 
One  of  the  most  interesting  adaptations  is  that  of  an 
acacia^  (Fig.  242),  which  furnishes  little  growths  at  the 
ends  of  the  leaflets  which  serve  as  ant  food.     These  little 

1  A.  sphaerocephala. 
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growthß  are  known  from  their  discoverer  as  Belt's  bodies. 
The  ants  bore  holes  into  the  large  hollow  stipular  thoms 
shown  in  the  figure,  live  in  these  thoms,  feed  on  the 
Belt's  bodies,  and  protect  the  aeacia  from  insect  and  other 
enemies.  A  nectaiy  on  the  leaf  fumishes  additional  food 
to  the  ant  inhabitants  of  the  tree.  A  great  multitude  of 
plants,  some  of  them  herbs,  offer  more  or  less  important 


Fio.  242.  —  An  Ant-PUnt  (Aeacia). 
tf  thoms  ;  A,  hole  in  thorii ;  n,  nectary  ;  6,  Belt's  body  on  tip  of  leaflet. 

inducements  to  attract  ant  visitors  ;  the  species  which  are 
known  to  do  this  number  over  three  thousand. 

415.  Plants  which  mimic  Plants  or  Other  Objects.  — 
Instances  of  mimicry  of  protected  plants  by  unprotected 
species  are  not  very  common.  One  of  the  best^known 
cases  is  that  of  the  dead-nettle,  which  is  so  called  because 
it  looks  like  the  stinging  nettle,  though  it  is  perfectly 
harmless.  Some  South  Afiican  plants  (Kleinias)  appear 
to  mimic  pebbles.     Certain  Mesembryanthemums  of  the 
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same  region  can  hardly  be  distinguished  from  the  earth  in 
which  they  grow. 

416.  Plants  of  Uneatable  Tezture.  —  Whenever  tender 
and  juicy  herbage  is  to  be  had,  plants  of  bard  and  stringy 
texture  are  left  untouched.  The  flinty-etemmed  scouring- 
rushes  {Equisetumj  Sect.  361)  and  the  dry,  tough  rushes 
are  familiär  examples  of  uneatable  plants  of  damp  soll. 
In  pastures  there  grow  such  peren- 
nials  as  the  bracken  fem  and  the 
härdhack  of  New  England  and  the 
ironweed  and  vervains  of  the  Cen- 
tral States,  which  are  so  harsh  and 
Woody  that  the  hungiiest  browsing 


Fio.  243.  —  Spiny  Leaves  of  Barberry. 

animal  is  rarely,  if  ever,  seen  to  molest  them.  Still  other 
plants,  like  the  knotgrass  and  cinquefoil  of  our  dooryards, 
are  doubly  safe,  from  their  growing  so  close  to  the  ground 
as  to  be  hard  to  graze  and  from  their  woody  and  unpalar 
table  nature.  The  date-palm  (which  can  easily  be  raised 
from  the  seed  in  the  schoolroom  or  the  laboratory)  is  an 
excellent  instance  of  the  same  uneatable  quality,  found 
in  a  tropical  or  sub-tropical  plant. 
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417.  Plants  with  Weapons  for  Defense.^  —  Multitudes 
of  plants,  which  might  otherwise  have  been  subject  to  the 
attacks  of  grazing  or  browsing  animals,  have  acquired 
what  have  with  reason  been  called  weapons.  Shnibs  and 
trees  not  infrequently  produce  sharp-pointed  branehes, 
familiär  in  our  own  crab-apple,  wild  plum,  thom  trees, 
and  above  all  in  the  honey  locust  (Fig.  34),  whose  formida- 
ble  thoms  often  branch  in 
a  very  complicated  man- 
ner. 

Thorns,  which  are 
really  modified  leaves,  are 
very  perfectly  exempli- 
fied  in  the  barberry  (Fig. 
243).  It  is  much  com- 
moner   to   find   the   leaf  ,^^, 

,      j .  .^  .  ,  .,  V  r^       ^  Fl«.  «4.  -  UtH  "f  Ä  Night- 

extenaing  its  mianb  or    ^A\         ^    ,ihi*ci«  ts^t^num  nM^pttr- 
its  veins  out  into  spiny         "^  p^re^mh 

points,  as  the  thistle  does,  or  bearing  spines  or  prickles  on 
its  midrib,  as  is  the  case  with  the  nightshade  shown  in  Fig. 
244,  and  with  so  many  roses.  Prickles,  which  are  merely 
hard,  sharp-pointed  projections  from  the  epidermis,  are  of 
too  common  occurrence  to  need  Illustration. 

Stipules  are  not  infrequently  found  occurring  as  thoms, 
and  in  our  common  locust  (Fig.  246)  the  bud,  or  the  very 
young  shoot  which  proceeds  from  it,  is  admirably  pro- 
tected  by  the  jutting  thom  on  either  side. 

418.  Pointed,  Barbedi  and  Stinging  Hairs.  —  Needle- 
pointed  hairs  are  an  efficient  defensive  weapon  of  many 
plants.     Sometimes  these  hairs  are  roughened,  like  those 

1  Bee  Kemer  and  Oliver's  Natural  History  of  Plants,  Vol.  I,  p.  430. 
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of  the  bugloss  (Fig.  247,  b) ;  sometimes  they  are  decidedly 
barbed.  If  the  barbs  are  well  developed  they  may  cause 
the  hairs  to  travel  f  ar  into  the  flesh  of  animals  and  cause 
intense  pain.  In  the  nettle  (Fig.  247,  a)  the  hairs  are 
efficient  stings,  with  a  brittle  tip,  which  on  breaking  off 


Fio.  246.  — Thom 
Sttpules  of  Looust. 


Flo.  246,— Euphorbia  gplenderu. 

The  spines  ar«  dead  and  dry 

stipttles. 

exposes  a  sharp,  jagged 
tube    füll    of    irritating 

fluid.     These    tubulär    hairs, 

with  their  poisonous  Contents, 

will  be  found  sticking  in  the 

skin  of  the  band  or  the  face 
after  incautious  contact  with  nettles,  and  the  violent  itching 
which  follows  is  only  too  familiär  to  most  people. 

419.  Cutting  Leaves.  —  Some  grasses  and  sedges  are 
generally  avoided  by  catüe  because  of  the  sharp-cutting 
edges  of  their  leaves,  which  will  i*eadily  slit  the  skin  of 
one's  band  if  they  are  drawn  rapidly  through  the  fingers. 
Under  the  microscope  the  margins  of  such  leaves  are  seen 
to  be  regularly  and  thickly  set  with  sharp  teeüi  like  those 
of  a  saw  (Fig.  247,  <?,  d). 
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420.  Weapons  of  Descrt  Plants.  —  In  teinperate  regions, 
where  Vegetation  is  usually  abundant,  such  moderate 
means  of  protection  as  have  just  been  described  are  gener- 
ally  suflScient  to  insure  the  safety  of  the  plants  whieh  have 
developed  them.     But  in  desert  or  semi-desert  regions  the 


Fio.  247.  —  Stinging  Hairs  and  Cutting  Leave«.    (All  mach  magnifled.) 

a,  stinging  hairs  on  leäf  of  nettle ;  6,  bristle  of  the  bugloas ;  o,  barbed  margin 

of  a  leaf  of  sedge ;  d,  barbed  margin  of  a  leaf  of  graos. 

extreme  scarcity  of  plant  life  exposes  the  few  plants  that 
occur  there  to  the  attacks  of  all  the  herbivorous  animals 
that  may  encounter  them.  Accordingly,  great  numbers  of 
desert  plants  are  characterized  by  nauseating  or  poisonous 
qualities  or  by  the  presence  of  astonishingly  developed 
thoms,  while  some  combine  both  of  these  means  of  defense. 
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421.  Offensive  or  Polsonous  Plants.  —  A  disgusting  smell 
is  one  of  the  common  säfeguards  which  keep  plants  from 
being  eaten.  The  dog  fennel  (Fig.  227),  the  hound's-tongue 
{Cynoglo%9um)^  the  Martynia,  and  the  tomato-plant  are 
common  examples  of  rank-«melling  plants  which  are  offen- 
sive to  most  grazing  animals  and  so  are  let  alone  by  them. 
Oftentimes,  as  in  the  case  of  the  jimson  weed  (DcUura), 
the  tobacco-plant,  and  the  poison  hemlock  (Comum)^  the 
smell  serves  as  a  waming  of  the  poisonous  natore  of  the 
plant. 

A  bitter,  nauseating,  or  biting  taste  protects  many  plants 
from  (Jestruction  by  animals.  Buckeye,  horse-chestnut, 
and  maple  twig^  and  leaves  are  so  bitter  that  browsing 
animals  and  most  insects  let  them  alone.  Tansy,  ragweed, 
boneset,  southemwood,  and  wormwood  are  safe  for  the 
same  reason.  The  nauseous  taste  of  many  kinds  of  leaves 
and  stems,  such  as  those  of  the  potato,  and  the  fiery  taste 
of  pepper-coms,  red  peppers,  mustard,  and  horse-radish, 
make  these  substances  uneatable  for  most  animals.  Prob- 
ably  both  the  smell  and  the  taste  of  onions  serve  to  insure 
the  safety  of  the  bulbs  from  the  attacks  of  most  grubs, 
and  the  hard  corm  of  the  jack-in-the-pulpit  (^Ariscema) 
'  (Frontispiece)  is  carefuUy  let  alone  on  account  of  the 
blistering  nature  of  its  Contents. 

Poisonous  plants  are  usually  shunned  by  grown-up 
animals,  though  the  young  ones  will  sometimes  eat  such 
plants  and  may  be  killed  by  them.  Almost  any  part  of  a 
poisonous  species  may  contain  the  poison  characteristic  of 
the  plant,  but,  for  obvious  reasons,  such  substances  are 
especially  apt  to  be  stored  in  the  parts  of  the  plant  where 
its  supply  of  reserve  food  is  kept. 


CHAPTER   XXVIII 
EC0L06Y  OF  FLOWERS 

422.  Topics  of  the  Chapter.  —  The  ecology  of  flowers  is 
concemed  mainly  with  the  means  by  which  the  transfer- 
ence  of  poUen  or  pollination  is  eff ected,  and  with  the  ways 
in  which  poUen  is  kept  away  from  undesirable  insect 
visitors  and  from  rain. 

423.  Cross-PoUination  and  Seif -Pollination. — It  was 
long  Bupposed  by  botanists  that  the  poUen  of  any  perfect 
flower  needed  only  to  be  placed  on  the  stigma  of  the  same 
flower  to  insure  satisfactory  fertilization.  But  in  1857 
and  1858  the  great  English  naturalist,  Charles  Darwin, 
stated  that  certain  kinds  of  flowers  were  entirely  dependent 
for  fertilization  on  the  transference  of  pollen  from  one 
plant  to  another,  and  he  and  other  botanists  soon  extended 
the  list  of  such  flowers  until  it  came  to  include  most  of 
the  showy,  sweet-scented,  or  otherwise  conspicuons  kinds. 
It  was  also  shown  that  probably  nearly  all  attractive 
flowers,  even  if  they  can  produce  some  seed  when  self- 
poUinated,  do  far  better  when  poUinated  from  the  flowers 
of  another  plant  of  the  same  kind.^  This  important  fact 
was  established  by  a  long  series  of  experiments  on  the 
number  and  vitality  of  seeds  produced  by  a  flower  when 
treated  with  its  own  pollen,  or  self-pollinatedy  and  when 

1  See  Darwin'8  Cross  and  Self-Fertilization  in  the  Vegetable  Kingdom 
(especially  Chapters  I  and  II). 
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treated  with  pollen  from  another  flower  of  the  same  kind, 
or  crosa-pollinated,^ 

424.  Wind-Pollinated  Flowers.^  —  It  has  already  been 
mentioned  that  some  pollen  is  dry  and  powdery,  and 
other  kinds  are  more  or  less  sticky.  Pollen  of  the  dusty 
sort  is  light,  and  therefore  adapted  to  be  blown  abont 
by  the  wind.  Any  one  who  has  been  much  in  com- 
fields  after  the  corn  has  "  tasseled  "  has  noticed  the  pale 
yellow  dusty  pollen  which  flies  about  when  a  cornstalk  is 
jostled,  and  which  coUects  in  considerable  quantities  on 
the  blades  of  the  leaves.  Com  is 
monoecious,  but  fertilization  is  best 
aecomplished  by  pollen  blown  from 
the  "  tassel "  (stamens)  of  one  plant 
'"^l^ij'r  r^t^;  being  carried  to.the  "silk"  (pistils) 
Stigma,  adapted  for  Wind-  of  anothei'  plant.  This  is  wcll 
shown  by  the  fact,  familiär  to  every 
observing  farmer's  boy,  that  solitary  cornstalks,  such  as 
often  grow  very  luxuriantly  in  an  unused  bamyard  or 
similar  locality,  bear  very  imperfect  ears  or  none  at 
all.  The  common  ragweed,  another  monoecious  plant» 
is  remarkable  for  the  great  quantities  of  pollen  which 
shake  off  it  on  to  the  shoes  or  clothes  of  the  passer-by, 
and  it  is  wind-poUinated.  So,  too,  are  the  monoecious 
pines,  and  these  produce  so  much  pollen  that  it  has  been 
mistaken  for  showers  of  sulphur,  falling  often  at  long  dis- 
tances  from  the  woods  where  it  was  produced.  The  pistil 
of  wind-poUinated  flowers  is  often  feathery  and  thus 
adapted  to  catch  flying  pollen-grains  (Fig.  248).     Other 

^  On  dispersion  of  pollen  see  Remer  and  Oliver,  Vol.  U,  pp.  129-2S7. 
3  See  Miss  Newell's  Botany  Reader,  Part  n,  Chapter  Vn. 
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characteristics  of  such  flowers  are  the  inconspicuous  char- 
acter  of  their  perianth,  which  is  usually  green  or  greenish, 
the  ahsence  of  odor  and  of  nectar,  the  regularity  of  the 
corolla,  and  the  appearanee  of  the  flowers  before  the  leaves 
or  their  occurrence  on  stalks  raised  above  the  leaves. 

Pollen  is,  in  the  case  of  a  few  aquatic  plants,  carried 
from  flower  to  flower  by  the  water  on  which  it  floats. 

425.  Insect-Pollinated  Flowers.  —  Most  plants  which 
require  cross-poUination  depend  upon  insects  as  pollen- 
caniers,^  and  it  may  be  stated  as  a  general  fact  that  the 
showy  colors  and  markings  of  flowers  and  their  odors  all 
serve  as  so  many  advertisements  of  the  nectar  (commonly 
but  wrongly  called  honey)  or  of  the  nourishing  pollen 
which  the  flower  has  to  offer  to  insect  visitors. 

Many  insects  depend  mainly  or  whoUy  upon  the  nectar 
and  the  pollen  of  flowers  for  their  food.  Such  insects 
usually  Visit  during  any  given  trip  only  one  kind  of  flower, 
and  therefore  carry  but  one  kind  of  pollen.  Going  straight 
from  one  flower  to  another  with  this,  they  evidently  waste 
far  less  pollen  than  the  wind  or  water  must  waste.  It  is 
therefore  clearly  advantageous  to  flowers  to  develop  such 
adaptations  as  fit  thera  to  attract  insect  visitors,  and  to 
give  pollen  to  the  latter  and  receive  it  from  them. 

426.  PoUen-Carrying  Apparatus  of  Insects.^  —  Ants  and 
some  beetles  which  visit  flowers  have  smooth  bodies,  to 
which  little  pollen  adheres,  so  that  their  visits  are  often  of 
slight  value  to  the  flower,  but  many  beetles,  all  butterflies 
and  moths,  and  most  bees  have  bodies  roughened  with 
scales  or  hairs  which  hold  a  good  deal  of  pollen  entangled. 

1  A  few  are  pollmated  by  snails ;  many  more  by  humming-bird8  and  other 
birdfl.  «  See  Müller'^  FertUization  of  Flowers,  Part  II. 
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In  the  common  honey-bee  (and  in  many  other  kinds)  the 
greater  paiii  of  the  insect  is  hairy,  and  there  are  special 
coUecting  baskets,  formed  by  bristle-like  hairs,  on  the  bind 

legs  (Fig.  249).  It  is  easy 
to  see  the  load  of  poUen 
accumulated  in  these  bas- 
kets after  such  a  bee  has 
visited  several  flowera.  Of 
course  the  pollen  which  the 
bee  packs  in  the  baskets  and 
carries  off  to  the  hive,  to  be 
stored  for  f ood,  is  of  no  use 
in  pollination.  In  fact  such 
pollen  is  in  one  sense  entirely 
wasted.  But  since  such 
bees  as  have  these  coUect- 
ing baskets  are  the  most 
industrious  visitors  to  flowers,  they  accomplish  an  immense 
share  of  the  work  of  pollination  by  means  of  the  pollen 
grains  which  stick  to  their  haiiy  coats  and  are  then  trans- 
ferred to  other  flowers  of  the  same  kind  next  visited  by 
the  bee. 

427.  Nectar  and  Nectaries.  —  Nectar  is  a  sweet  liquid 
which  flowers  secrete  for  the  purpose  of  attracting  insects. 
After  partial  digestion  in  the  crop  of  the  bee,  nectar 
becomes  honey.  Those  flowers  which  secrete  nectar  do 
so  by  means  of  nectar  glandSy  small  organs  whose  structure 
is  something  like  that  of  the  stigma,  situated  often  near 
the  base  of  the  flower,  as  shown  in  Fig.  250.  Sometimes 
the  nectar  clings  in  droplets  to  the  surface  of  the  nectar 
glands  ;  sometimes  it  is  stored  in  little  cavities  or  pouches 


FlO.  249. 
A,  right  bind  leg  of  a  honey-bee  (seen  from 
behind  and  withln) ;  B^  tbe  tibia,  ti, 
Seen  from  the  outside,  showlng  the  col- 
lecting  basket  formed  of  etiff  hairs. 


ECOLOGY   OF  FLOWERS 


857 


called  nectaries,     The  pouches  at  the  bases  of  columbine 
petals  are  among  the  most  familiär  of  nectaries. 

428.  Odors  of  Flowers.  —  The  aeuteness  of  the  sense  of 
smell  among  insects  is  a  familiär  fact.  Flies  bnzz  about 
the  wire  netting  which  Covers  a  piece  of  fresh  meat  or  a 
dish  of  synip,  and  bees,  wasps,  and  hornets  will  fairly 
besiege  the  window  screens  of  a  kitchen  where  preserving 
is  going  on.  Many  plants  find  it  possible  to  attract  as 
many  insect  visitors  as  they  need  without  giving  ofif  any 
scent,  but  small  flowers,  like  the  mignonette,  and  night- 
blooming  ones,  like  the  white  tobacco  and  the  evening 
primrose,  are  sweet-scented  to  attract  night-flying  moths. 
It  is  interesting  to  observe  that  the  majority  of  the  flowers 
which  bloom  at  night  are  white,  and  that  they  are  much 
more  generally  sweet^cented  than  flowers  which  bloom 
during  the  day.  A  few  flowers  are 
carrion-ßcented  (and  purplish  or  brown- 
ish  colored)  and  attract  flies. 

429.  Colors  of  Flowers.  —  Flowei-s 
which  are  of  any  other  color  than  green 
probably  in  most  cases  display  their 
colora  to  attract  insects,  or  occasionally 
birds.  The  principal  color  of  the  flower 
is  most  frequently  due  to  showy  petals; 
sometimes,  as  in  the  marsh  marigold,  it 
belongs  to  the  sepals;  and  not  infre- 
quently,  as  in  some  comels  and  Eu- 
phorbias  (Fig.  245),  the  involucre  is  more  brilliant  and 
conspicuous  than  any  part  of  the  flower  strictly  so  called. 

Different    kinds   of    insects    appear   to   be    especially 
attracted  by  different  colors.      In   general,  duU   yellow, 


Fia.  250.  —  Stainens  and 
Pistil  of  the  Grape 
(magnif  ied),  with  a 
Nectar  Qlaud«  ^,  be- 
tween  Each  Pair  of 
Stamens. 
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brownish,  or  dark  purple  flowers,  especially  if  sniall,  seem 
to  depend  largely  on  the  visits  of  flies.  Red,  violet,  and 
blue  are  the  colors  by  which  bees  and  butterflies  are  most 
readily  enticed.  The  power  of  bees  to  distinguish  colors 
has  been  shown  by  a  most  interesting  set  of  experiments 
in  which  daubs  of  honey  were  put  on  slips  of  glass  laid  on 
separate  pieces  of  paper,  each  of  a  different  color,  and 
exposed  where  bees  would  find  them.^ 

It  is  certain,  however,  that  colors  are  less  important 
means  of  attraction  than  odors  from  the  fact  that  insects 
are  extremely  iiear-sighted.  Butterflies  and  moths  cannot 
see  distinctly  at  a  distance  of  more  than  about  five  feet, 
bees  and  wasps  at  more  than  two  feet,  and  flies  at  more 
than  two  and  a  fourth  feet.  Probably  no  insects  can  make 
out  objecto  clearly  more  than  six  feet  away.^  Yet  it  is 
quite  possible  that  their  attention  is  attracted  by  coloi-s  at 
distances  greater  than  those  mentioned. 

430.  Nectar  Guides.  —  In  a  large  numl)er  of  cases  the 
petals  of  flowers  show  decided  stripes  or  rows  of  spots,  of 
a  color  different  from  that  of  most  of  the  petal.  These 
commonly  lead  toward  the  nectaries,  and  it  is  possible  that 
such  markings  point  out  to  insect  visitors  the  way  to  the 
nectaries.  FoUowing  this  course,  the  insect  not  only 
secures  the  nectar  which  he  seeks,  but  probably  leaves 
pollen  on  the  Stigma  and  becomes  dusted  with  new  poUen, 
which  he  carries  to  another  flower. 

431.  Facilities  for  Insect  Visits.  —  Regulär  polypetalous 
flowers  have  no  special  adaptations  to  make  them  singly 

1  See  Lubbock's  FlotcerSf  Fruit s,  and  Leaves,  Chapter  I.  On  the  general 
subject  of  colors  and  odors  in  relatiou  to  insects,  see  Müller*s  Fertilization  of 
Flowers,  Part  IV. 

2  See  Packard's  Text-Book  of  Entomology,  p.  260. 
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accessible  to  insects,  but  they  lie  open  to  all  comera. 
They  do,  however,  make  themselves  much  more  attractive 
and  afford  especial  inducements  in  the  matter  of  saving 
time  to  flower-frequenting  insects  by  being  grouped.  This 
purpoBe  ia  undoubtedly  served  by  dense  flower-clusters, 
especially  by  Leads  like  those  of  the  elovers  and  by  the 
peculiar  form  of  head  found  in  so-called  composite  flowers, 
like  the  sunflower,  the  bachelor's  button,  and  the  yarrow 
(Fig.  133).  In  many  such  Clusters  the  flowers  are  special- 
ized,  some  carrying  a  showy  strap- 
shaped  corolla,  to  serve  as  an 
advei-tisement  of  the  nectar  and 
poUen  contained  in  the  inconspicu- 
ous  tubulär  flowers  (see  Plate  XI). 
Irregulär  flowers  probably  always 
are  more  or  less  adapted  to  par- 
ticular  insect  (or  other)  visitors. 
The  adaptations  are  extremely  nu- 
merous ;  —  here  only  a  very  few  of 
the  simpler  ones  will  he  pointed 
out.  Where  tliere  i»  a  drooping 
lower  petal  (or,  in  the  case  of  a  gamopetalous  corolla,  a 
lower  lip),  this  sei-ves  as  a  perch  upon  which  flying  insects 
may  alight  and  stand  while  they  explore  the  flower,  as  the 
beeüe  is  doing  in  Fig.  251.  In  Fig.  252  one  bumblebee 
Stands  with  hia  legs  partially  encircling  the  lower  lip  of 
the  dead-nettle  flower,  while  another  perches  on  the  sort 
of  grating  made  by  the  stamens  of  the  horse-chestnut 
flower.  The  honey-bee  entering  the  violet  clings  to  the 
beautifully  bearded  portion  of  the  two  lateral  petals,  while 
it  sucks  the  nectar  from  the  spur  beneath. 


Fi».  251.— A  Btfetie  un  tbe 

Flower  of  the  Twayblade. 

(Enlarged  thre«  times.) 
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432.    Protection  of  Pollen  f rom  Unwelcome  Visitors.  —  It 

is  usually  desirable  for  the  flower  to  prevent  the  entrance 
of  small  creeping  insects,  such  as  ants,  which  carry  little 
poUen  and  eat  a  relatively  large  amount  of  it.  The  means 
adopted  to  secure  this  result  are  many  and  curious.     In 


FlO.  252.  —  Bees  visiting  Flower». 

At  the  left  a  bumblebee  on  the  flower  of  the  dead  nettle ;  below  a  similar 
bee  In  tho  flower  of  the  horse-chestnut ;  above  a  honey-bee  In  the  flower 
of  a  violet. 

some  plants,  as  the  common  catchfly,  there  is  a  sticky 
ring  about  the  peduncle,  some  distance  below  the  flowers, 
and  this  forms  an  effectual  barrier  against  ants  and  like 
insects.  Very  frequently  the  calyx  tube  is  covered  with 
hairs,  which  are  sometimes  sticky.  How  these  thickets 
of  hairs  may  appear  to  a  very  small  insect  can  perhaps 
be  more  easily  realized  by  looking  at  the   considerably 
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magnified  view  of  the  hairs  from  the  outer  surface  of 
mullein  petals,  shown  in  Fig.  253.^ 

Sometimes  the  recurved  petals  or  divisions  of  the  corolla 
stand  in  the  way  of .  creeping  insects.     In  other  eases  the 


FlQ.  2S3.  — Branohlng  Haire  from  the  Outside  of  the  Corolla  of  the  Commoii 
Mullein.    (Magnifled.)    dr,  agland. 


Fio.  264.  —  A  Sphinx  Moth,  with  a  Long  Sucking-Tube. 

throat  of  the  corolla  is  much  narrowed  or  closed  by  hairs, 
or  by  appendages.     Those  flowers  which  have  one  or  more 

1  On  protection  of  pellen,  see  Kerner  and  Oliver,  Vol.  II,  pp.  115-109. 
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sepals  or  petals  prolonged  into  spurs,  like  the  nasturtium 
and  the  columbine,  are  inaccessible  to  most  insects  except 
those  which  have  a  tongue  or  a  sucking-tube  long  enough 
to  reach  to  the  nectary  at  the  bottom  of  the  spur.  The 
large  sphinx  moth,  shown  in  Fig.  254,  which  is  a  common 
visitor  to  the  flowers  of  the  evening  primrose,  is  an 
example  of  an  insect  especially  adapted  to  reach  deep  into 
long  tubulär  flowers. 

A  little   search  among  flowers,  such  as  those  of  the 
columbine   or  the  foxglove,   will  usually  disclose  many 
which  have  had  the  corolla  bitten  through  by  bees,  which 
are  unable  to  get  at  the  nectar  by  fair  means  or  unwilling . 
to  take  the  trouble  to  do  so  ;  and  they  therefore  steal  it. 

433.  Bird-Pollinated  Flowers.  —  Some  flowers  with  very 
long  tubulär  coroUas  depend  entirely  upon  birds  to  carry 
their  pollen  for  them.  Among  garden  flowers  the  gladi- 
olus,  the  scarlet  salvia,  and  the  trumpet  honeysuckle  are 
largely  dependent  upon  humming-birdsfor  their  poUination. 
The  wild  baisam  or  jewel-weed  and  the  trumpet-creeper 
(Plate  X)  are  also  favorite  flowers  of  the  humming-bii*d. 

434.  Prävention  of  Self-Fertilization. — Dioecious  flowers 
are  of  course  quite  incapable  of  self-poUination.  Pistillate 
mon(Bcious  flowers  may  be  poUinated  by  staminate  ones 
on  the  same  plant,  but  this  does  not  secure  as  good  seed 
as  is  secured  by  having  pollen  brought  to  the  pistil  from 
a  differeut  plant  of  the  same  kind. 

In  perfect  flowers  self-poUination  would  commonly  occur 
unless  it  were  prevented  by  the  action  of  the  essential 
Organs  or  by  something  in  the  structure  of  the  flower.  In 
reality  many  flowers  which  at  first  sight  would  appear  to 
be  designed  to  secure  self-pollination  are  alniost  or  quite 
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incapable  of  it.  Frequently  the  poUen  from  another  plant 
of  the  same  species  prevails  over  that  which  the  flower 
may  shed  on  its  own  pistil,  so  that  when  both  kinds  are 
placed  on  the  stigraa  at  the  same  time  it  is  the  foreign 
poUen  which  causes  fertilization.  But  apart  from  this 
fact  there  are  several  means  of  insuring  the  presence  of 
foreign  pollen,  and  only  that,  upon  the  Stigma,  just  when 
it  is  mature  enough  to 
receive  pollen  tubes. 

435.  Stamens  and  Pistils 
maturing  at  Different 
Times.  —  If  the  stamens 
mature  at  a  different  time 
from  the  pistils,  self-polli- 
nation  is  as  effectually  pre- 
vented  as  though  the  plant 
were  dioecioas.  This  un- 
equal  maturing  or  dichog- 
amy  occurs  in  many  kinds 
of  flowers.     In  some,  the 


Fio.  25ß.  —  Flower  of  Cltrodendron  in  Two 
Stage«. 

figWOrt    and    the    common    !„  a  (earlier  »tage)  the  stamens  are  mature, 

while  the  pistil  is  still  undeveloped  and  bent 
toonesitle.  In  B  (later  stage)  the  stamens 
have  withere<l  and  the  Stigmas  have  sepa- 
rated,  ready  for  the  reception  of  pollen. 


plantain  for  example,  the 
pistil  develops  before  the 
stamens,  but  usually  the 
reverse  is  the  case.  The  Clerodendron^^  a  tropical  African 
flower  (Fig.  255),  illustrates  in  a  most  striking  way  the 
development  of  stamens  before  the  pistil.  The  insect  visitor, 
on  its  way  to  the  nectary,  can  hardly  fail  to  brush  against 
the  protruding  stamens  of  the  flower  in  its  earlier  stage 
(at  -4),  but  it  can  not  deposit  any  pollen  on  the  stigmas, 

1  C\  Thompsoniss. 
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which  are  unripe,  shut  together,  and  tucked  aside  out  of 
reach.  On  flying  to  a  flower  in  the  later  stage  the  pollen 
just  acquired  will  be  lodged  on  the  prominent  Stigmas  and 
thus  produce  the  desired  cross-pollination. 


sUg 


I  II  m  IV 

Fio.  256.  —  ProTisions  for  Crofls-Pollination  in  the  High  Mallow. 

I,  essential  organs  as  found  in  the  bud  ;  II,  same  in  the  staminate  stage,  the 
anthers  discharging  pollen,  pistils  immature ;  III,  intermediate  stage, 
atigy  the  anited  Stigmas;  IV,  pistlUate  stage,  the  Stigmas  separated, 
stamens  witherod. 

Closely  related  flowers  often  differ  in  their  plan  of 
pollination.  The  high  mallow,  a  plant  cultivated  for  its 
purplish  flowers,  which  has  run  wild  to  some  extent,  is 
admirably  adapted  to  secure  cross-pollination,  since  when 
its  stamens  are  shedding  pollen,  as  in 
Fig.  256,  II,  the  pistils  are  incapable  of 
receiving  it,  while  when  the  pistils  are 
mature,  as  at  IV,  the  stamens  are  quite 
withered.  In  the  common  low  mallow 
of  our  dooryards  and  waysides  insect 
pollination  may  occur,  but  if  it  does  not 
the  Curling  Stigmas  finally  come  in  con- 
tact  with  the  projecting  stamens  and 
among  the  stamens    reccivc  pollcu  fiom  thcm,  as  is  iudicated 

to  adniit  of  seif -pol-      .        y^.        am 
lination.  ^    flg.   257. 


PlQ.  267.  — Stamens 
andPistilsof  Round- 
I^afed  Mallow.  The 
Stigmas  ciirled  round 
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436.   Movements  of  Floral  Organs  to  aid  in  Pollination. 

—  Besides  the  slow  movements  which  the  stamens  and 
pistil  make  in  such  cases  as  those  of  the  Clerodendran  and 
the  mallow,  already  described,  the  parts  of  the  flower 
often  admit  of  considerable  and  rather  quick  movements 
to  assist  the  insect  visitor  to  become  dusted  or  smeared 
with  pollen. 

In  some  flowers  whose  stamens  perform  rapid  move- 
ments when  an  insect  enters,  it  is  easy  to  see  how  directly 


Fjo.  288.  —  Two  Flowers  of  Common  Sage,  one  of  them  vlBited  by  a  Bee. 

useful  the  motion  of  the  stamens  is  in  securing  cross- 
pollination.  The  stamens  of  the  laurel,  Kalmia,  throw 
little  masses  of  pollen,  with  a  quick  jerk,  against  the 
body  of  the  visiting  msect.  Barberry  stamens  spring  up 
against  the  visitor  and  dust  him  with  pollen.  The  common 
garden  sage  matures  its  anthers  earlier  than  its  Stigmas. 
In  Fig.  268,  -4,  the  young  flower  is  seen,  visited  by  a  bee, 
and  one  anther  is  shown  pressed  closely  against  the  side 
of  the  bee's  abdomen.  The  stigma,  at^  is  hidden  within 
the  Upper  lip  of  the  corolla.     In  B^  an  older  flower,  the 
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anthers  have  withered  and  the  stigma  is  now  lowered  so 
as  to  brush  against  the  body  of  any  bee  which  may  enter. 

A  little  study  of  Fig.  259 
will  make  clear  the  way 
in  which  the  anthers  are 
hinged,  so  that  a  bee  strik- 


Fio.  259.  —  Flower  and  StamenB  of  Common  Sage. 

Af  p,  Stigma ;  a,  anthers ;  B,  the  two  stamens  in  ordinary  position ;  /,  fllaments ; 
m,  connective  (joining  anther-cells) ;  a\  anther-cells ;  C,  th«  anthers  and 
connectives  bent  into  a  horizontal  position  by  an  inseot  pushing  against  a. 

ing  the  empty  or  baiTen  anther-lobes,  a,  knocks  the  poUen- 
bearing  lobes,  a',  into  a  horizontal  position,  so  that  they 
will  lie  closely  pressed  against  either  side  of  its  abdomen. 

437.  Flowers  with  Sta- 
mens and  Pistils  Bach  of  Two 
Lengths.  —  The  flowers  of 
bluets,  partridge-berry,  the 
primroses,  and  a  few  other 
common  plants  secure  cross- 
pollination  by  having  essen- 
tial  Organs  of  two  forms 
(Fig.  260).  Such  flowers 
are  said  to  be  dimorphaus 
(of  two  forms).  In  the 
^  ^^  short^styled  flowers,  II,  the 

Fio.  260.  — Diraorphous  Flowers  of  *^ 

the  Primrose.  authcrs  arc  bomc  at  the  top 

I,  a  long-styled  flower:  II,  a  short-  r    xi,  n      j.    u  i   xi_ 

styied  one.  Ol  the  coroUa  tube  and  the 
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Stigma  Stands  about  halfway  up  the  tube.  In  the  long- 
stjled  flowers,  I,  the  stigma  is  at  the  top  of  the  tube  and 
the  anthers  are  bome  about  halfway  up.  An  insect  pressing 
its  head  into  the  throat  of  the  coroUa  of  II  would  become 
dusted  with  poUen,  which  would  be  brushed  off  on  the 
stigma  of  a  flower  like  I.  On  leaving  a  long-styled  flower 
the  bee's  tongue  would  be  dusted  over  with  pollen,  some 
of  which  would  necessarily  be  rubbed  off  on  the  stigma  of 
the  next  short^tyled  flower  that  was  visited.  Cross-polli- 
nation  is  insured,  since  all  the  flowers  on  a  plant  are  of 
one  kind,  either  longnstyled  or  short-styled,  and  since  the 
pollen  is  of  two  sorts,  each  kind  sterile  on  the  stigma  of 
any  flower  of  siniilar  form  to  that  from  which  it  came. 

Trimorphous  flowers,  with  long,  medium,  and  short 
styles,  are  fouiid  in  a  species  of  loosestrife.^ 

438.  Studies  in  Insect  PoUination.  —  The  student  cannot  gather 
more  than  a  very  imperfect  knowledge  of  the  details  of  cross-polli- 
nation  in  flowers  without  actually  watching  some  of  them  as  they 
grow,  and  observing  their  insect  visitors.  If  the  latter  are  caught 
and  dropped  into  a  wide-mouthed  stoppered  bottle  containing  a  bit 
of  cotton  satiirated  with  Chloroform,  tliey  will  be  painlessly  killed, 
and  most  of  them  may  be  identified  by  any  one  who  is  familiär  with 
our  common  insects.  The  insects  may  be  observ^ed  and  classified 
in  a  general  way  into  butterflies,  moths,  bees,  flies,  wasps,  and  beetles, 
without  being  captured  or  molested. 

Whether  these  out-of-door  studies  are  raade  or  not,  several  flowers 
should  be  carefuUy  examined  and  described  as  regards  their  arrange- 
ments  for  attracting  and  utilizing  insect  visitors  (or  birds).  The 
following  list  includes  a  considerable  number  of  the  most  accessible 
flowers  of  spring  and  early  summer,  about  which  it  is  easy  to  get 
Information  from  books. 

1  See  Miss  Newell's  Reader  in  Botany,  Part  II,  pp.  60-63. 
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LIST  OF  INSECT-POLLINATED  FLOWERS.» 


1.  Flax     .     .     .    . 

2.  Missouri  currant 

3.  Suowberry     . 

4.  Lilac    .     .     . 

5.  Periwinkle 

6.  Mignonette    . 

7.  Pansy  .    .    . 

8.  Dead  nettle   . 

9.  Bleeding  heart 

10.  Columbine 

11.  Monkshood   . 


I 

Linum  tutüatissimum Müll. 

Ribesaureum MttlL 

Symphoricarpu8  racemosus     ....  Müll. 

Syringa  pernca Müll. 

Vinca  minor Müll. 

Reseda  odorata Müll. 

Viola  tricolor Müll. 

Lamium  album Labbock. 

Dicentra  (Diclytra)  apectabüia     .    .     .  MüU. 

Aquilegia  vulgaris    .......  Müll. 

Aconitum  NapeÜiu Müll. 


12. 

Larkspor  .... 

13. 

Herb  Robert .     .     . 

14. 

Pink 

15. 

Fireweed  .... 

16. 

Nasturtium    .     .     . 

17. 

Lily-of-the-valley    . 

18. 

Heal-all     .     .     .     . 

19. 

Ground  ivy    .     .     . 

20. 

Lousewort     .     .     . 

21. 

Snapdragon  .     .     . 

22. 

Iris 

23. 

Bellflower      .     .     . 

24. 

Horse-chestnut  .     . 

n 

DdpMnium  elatum,  D.  consolida    .     .    Müll. 

Geranium  robertianum Müll. 

IHardkus  (various  species)      ....    Müll. 

EpUobium  angiutifolium Gray. 

Tropijeolum  majtLS     .     .     .    Newell,  Lubbock. 

ConvaUaria  majalis Müll. 

Brunella  {Prundla)  vulgaris  ....  Müll. 
Nepeta  Glechoma  ....  Müll.,  Newell. 
Pedicularis  canadensis .     .     .     Müll.,  Newell. 

Antirrklnum  majus Müll. 

Iris  versicolor Newell. 

Campanula  rapunculoides  ....  Müll. 
^8CiUus  Hippocastanum  ....      Newell. 


1  The  plante  in  this  list  are  arranged  somewbat  in  the  order  of  the  com- 
plexity  of  their  adaptations  for  insect  poUination,  the  simplest  first.  It  wonld 
be  well  for  each  Student  to  take  up  tbe  study  of  the  arrangements  for  the 
utilization  of  insect  visitors  in  several  of  the  groups  above,  numbered  with 
Roman  numerals.  The  teacher  will  find  explanations  of  the  adaptations  in 
the  works  cited  by  abbreviations  at  the  right.  Müll.  Stands  for  Müller's  Fer- 
tilizatUm  of  Flowers;  Lubbock,  for  British  Wild  Flowers,  eonsidered  in 
Relation  to  Insects;  Gray,  for  Gray's  Structural  Botany ;  and  Newell,  for 
Miss  Newell's  Outlines  of  Lessons  in  Botany ^  Part  II.  Consult  also  Weed's 
Ten  New  England  Blossoms.  •        « 
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26.   Yarrow 

26.  Oxeye  daisy 

27.  Dandelion 


29. 


30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 


Barberry  .     .     . 
Mountain  laurel 


White  clover 
Red  clover 
Locust . 
Wistaria 
Vetch  . 
Pea.  . 
Bean  . 
Gronnd-nut 


38.  Partridge-berry  . 

39.  Primrose  .     .     . 

40.  Looflestrife    .     . 


III 

.  Achülea  mültfolium Müll. 

Chrysanthemum  Leucanthemum .     .    .  Müll. 
Taraxacum  officincUe     .     .    .    Müll.,  Newell. 

IV 

Berberis  viUgaria Lubbock. 

Kalmia  latifolia Gray. 

V 

Trifolium  repens Müll. 

Trifolium  pratense Müll. 

Robinia  Paeudacacia Gray. 

Wistaria  sinensis Gray. 

Vidacracca Müll. 

Pisum  sativum Müll. 

Phaseolus  vulgaris Gray. 

Apios  tuberosa Gray. 

VI 

MitcJiella  repens Gray. 

Primtda  grandiflora^  P.  oßcinalis  .  Lubbock. 

Lythrum  Salicaria Gray. 


41.   MUkweed. 


42.   Lady*8-8lipper 


VII 
Asclepias  Comuti 

vin 

Cypripedium  acavXe 


Müll.,  NeweU. 


Newell. 


439.  Cleistogamous  Flowers.  —  In  marked  contrast  with 
such  flowere  as  those  discussed  in  the  preceding  sections, 
which  bid  for  insect  visitors  or  expose  their  poUen  to  be 
blown  about  by  the  wind,  are  certain  flowers  which  remain 
closed  even  during  the  pollination  of  the  stigma.  These 
flowers  are  called  cleistogamous  and  of  course  are  not 
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cross-pollinated.      Usuolly  they   occur   on  plante   which 
also  bear  flowers  adapted  for  cross-pollinatiou,  and  in  this 


Fio.  261.  — A  Violet,  with  Clelstogamous  Flowers. 
The  objects  which  look  like  flower-bnds  are  cleistogamous  flowers  in  yarious 
stages  of  derelopment.    The  pods  are  the  fruit  of  siniilar  flowers.    The 
plant  is  represented  as  it  appears  in  late  July  or  August,  after  the  ordi- 
nary  flowers  hare  dlsappeared. 
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case  the  closed  flowers  are  much  less .  conspicuous  than 
the  others,  yet  they  produce  much  seed.  Every  one 
knows  the  ordinary  flowers  of  the  violet,  but  most  people 


Fio.  2Ö2.  — Protection  of  Pollen  Irom  Moiature. 

At  the  left  herb  Robert  and  sweet  scabious  In  sunny  weather  ;  at  the  right 
the  same  flowers  during  rain. 

do  not  know  that  violets  very  generally,  after  the  blos- 
soming  season  (of  their  showy  flowers)  is  over,  produce 
many  cleistogamous  flowers,  as  shown  in  Fig.  261. 
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440.  Protection  of  Pollen  f rom  Rain.  —  Pollen  is  very 
generally  protected  from  being  soaked  and  spoiled  by  rain 
or  dew  either  by  the  natural  position  of  the  flower  prevent- 
ing  rain  from  entering,  as  in  the  case  with  most  gamo- 
petalous,  nodding  flowers,  or  by  changes  in  the  position 
of  the  flower,  and  by  its  opening  in  sunny  weather  and 
closing  at  night  or  dunng  rain.  Sometimes  the  flower 
both  changes  its  position  and  closes,  as  is  the  case  with 
the  herb  Robert  and  the  sweet  scabious  (Fig.  262).  The 
adaptations  of  flowers  to  protect  their  poUen  from  becom- 
ing  wet  can  best  be  understood  by  actually  examining  the 
same  flower  in  sunshine  and  dnring  rain. 


Plate  XL  —  Aster  aiid  Golden-Rod 


CHAPTER   XXIX 
HOW  PLANTS  ARE  SCATTERED   AND  PR0PA6ATED 

441.  Heans  of  Propagation  among  Cryptogams.  —  Some 
of  the  highest  cryptogams,  as  the  fems,  spread  freely  by 
means  of  their  creeping  rootstocks,  and  the  gardener  who 
wishes  quickly  to  get  large,  strong  ferns  often  finds  it  the 
easiest  plan  to  cut  to  pieces  and  reset  the  rootstocks  of  a 
well-established  plant.  Some  fems  also  grow  readily  from 
bulbletß  produced  on  the  fronds.  In  the  Walking  fem 
the  tip  of  the  frond  roots  and  begins  a  new  plant.  Most 
flowerless  plants,  however,  are  reproduced  either  by  a 
process  of  fission,  as  in  Pleurococeus  (Sect.  278),  Diatoms 
(Sect.  271),  Bacteria  (Sect.  266),  and  many  other  groups, 
or  by  some  kind  of  spore  (Sect.  259).  The  spore  is 
usually  so  small  an  object  that  it  is  carried  with  the  great- 
est  ease  by  currents  of  water  or  of  air,  as  the  case  may 
be,  so  that  it  is  no  sooner  liberated  than  it  is  swept  away, 
often  to  a  very  distant  locality,  where  it  can  grow  and  not 
be  interfered  with  by  too  many  neighbors  of  its  own  kind. 
Thus  spores  of  any  of  the  marine  algae  are  certainly  carried 
thousands  of  miles  by  ocean  currents,  and  spores  of  tree 
fems  may  be  blown  great  distances  from  one  oceanic  island 
to  another,  or  the  spore  contents  of  a  puff-ball  might  travel 
on  the  wind  half  the  breadth  of  a  continent. 

442.  Dispersal  of  Seed-Plants  by  Roots  and  Rootstocks.  — 
The  Student  has  learned  (in  Chapters  IV  and  V)  that 
roots  and  Underground  stems  of  many  kinds  may  serve  to 

373 


374 


FOUNDATIONS  OF  BOTANY 


reproduce  the  plant.  Either  roots  or  rootstocks  may  travel 
considerable  distances  horizontally  in  the  course  of  their 
growth  and  then  shoot  up  and  produce  a  new  plant,  which 
later  becomes  independent  of  the  parent.  The  sedges  (Fig, 
43)  are  excellent  illustrations  of  this  process,  and  trees 


borhood    of   lawns 

Pio.  263. —  Plant    of   a  Black  j  j  i 

Easpberry,   showing   One    and     gardcnS     bj 
BrancWStolon)withSeyeral    gending  Up   SprOUts 

in  many  places.  When  growing 
wild,  such  trees  as  these  depend  largely  upon  spreading 
by  the  roots  to  keep  up  their  numbers.^ 

443.  Dispersa!  of  Seed-Plants  by  Branches.  —  There  is  a 
shrub  of  the  Honeysuckle  Family,^  common  in  the  northem 
woods,  which  is  quite  generally  known  as  hobble-bush,  or 
witch-hobble,  and  sometimes  as  trip-toe.  This  is  because 
the  branches  take  root  at  the  end  and  so  form  loops  which 
catch  the  foot  of  the  passer-by.  The  same  habit  of  growth 
is  found  in  the  raspberry-bush  (Fig.  263),  in  one  species  of 
strawberry-bush  {Euonymus)^  and  some  other  sbrubs.  Many 
herbs  like  the  strawberry-plant  and  the  cinquefoil  send 


1  See  Bears  Seed  DisperscU,  Chapters  II  and  IIL 

2  Vibumum  lantanoides. 
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out  long,  leafless  runners  which  root  at  intervals  and  so 
propagate  the  plant,  canying  the  younger  individuals  off 
to  a  considerable  distance  from  the  parent  plant. 

Living  branches  may  drop  freely  from  the  tree  and  then 
take  root  and  grow,  after  having  been  blown  or  been  car- 
ried  by  a  brook  or  river  to  a  f avorable  spot,  perhaps  hun- 
dreds  of  yards  away.  The  so-called  snap-willows 
many  live  twigs  under  conditions  suit- 
able  for  starting  new  trees. 

A  slightly  different  mode  of  dis- 
persal  from  that  of 
the  raspberry  is  one 
in  which  buds  separ 
rate  from  the  plant 
and  serve  to  propar 
gate  it.  In  the  blad- 
derwort  (Fig.  264), 
at  the  close  of  the 
growing  season,  the 
terminal  buds  are  released  by  the  decay  of  the  stem  and 
sink  to  the  bottom  of  the  water  in  which  the  plants  live, 
there  to  remain  dormant  until  spring.  Then  each  bud 
Starts  into  life  and  gives  rise  to  a  new  individual. 

444.  Dispersa!  of  Seed-Plants  by  Bulblets.  —  Almost 
eveiy  farmer's  boy  knows  what  "onion-sets"  are.  These 
are  little  bulbs,  produced  at  the  top  of  a  naked  flower- 
stalk  or  scape  by  some  kinds  of  onions  which  do  not 
usually  flower  or  bear  seed.  Tiger-lilies  produce  some- 
what  similar  bulblets  in  the  axils  of  the  leaves,  and  there 
is  a  large  number  of  species,  scattered  among  numerous 
families  of  plants,  all  characterized  by  the  habit  of  producing 


Pio.  264.— A  Freo  Branch  and  Two  Buds  of 
Bladderwort. 
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bulblets.  When  mature  the  bulblets  fall  off  readily,  and  if 
they  find  lodgment  on  unoccupied  soll,  they  grow  readily 
into  new  plants,  Sometimes  they  are  carried  moderate 
distances  by  wind  or  water,  and  if  the  ground  slopes,  they 
may  easily  roll  far  enough  to  get  started  in  new  places. 


Fio.  265.  —  Fruit  of  Smoke-Tree  (Rkua  Cotinus). 

Only  one  pedicel  bears  a  fruit,  all  the  others  are  eterile,  branched,  and  oovered 
with  plumy  hairs. 

445.  Dispersa!  of  Seeds.  —  Seeds  are  not  infrequently 
scattered  by  apparatns  by  which  the  plant  throws  them 
about.  More  commonly,  however,  they  depend  upon 
other  agencies,  such  as  wind,  water,  or  animals,  to  carry 
them.     Sometimes  the  transportation  of  seeds  is  due  to 
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the  structure  of  the  seeds  themselves,  sometiines  to  that 
of  the  fruit  in  wliich  they  are  enclosed ;  the  essential 
point  is  to  have  transportation  to  a  long  distance  made 
as  certain  as  possible,  to  avoid  overcrowding. 

446.  Explosive  Frults.  —  Some  dry  fniits  burst  open 
when  ripe  in  such  a  way  as  to  throw  their  seeds  violently 
about.  Interesting 
studies  may  be  made, 
in  the  proper  season, 
of  the  fruits  of  the 
common  blue  violet, 
the  pansy,  the  wild 
baisam,  the  garden 
baisam,  the  crane's- 
bill,  the  herb  Robert, 
the  witch-hazel,  the 
Jersey  tea,  and  some 
other  common  plants. 
The  capsule  of  the 
tropical  American 
sand-box  tree  bursts  open  when  thoroughly  dry  with  a  noise 
like  that  of  a  pistol  shot. 

447.  Winged  or  Tufted  Fniits  and  Seeds The  fruits 

of  the  ash,  box-elder,  elm,  maple  (Fig.  169),  and  many 
other  trees,  are  provided  with  an  expanded  membranous 
wing.  Some  seeds,  as  those  of  the  catalpa  and  the  trumpet- 
creeper,  are  similarly  appendaged.  The  fruits  of  the 
dandelion,  the  thistle  (Fig.  267),  the  fleabane,  and  many 
other  plants  of  the  group  to  which  these  belong,  and  the 
seeds  of  the  willow,  the  milkweed  (Fig.  267),  the  willow- 
herb,  and  other  plants,  bear  a  tuf t  of  hairs. 


Fio.  206.  — Fniits  of  Linden,  with  a  Bract  Joined 
to  the  Pednncle  and  f  orming  a  Wing. 
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The  fltndent  shonld  be  able,  from  his  own  obseirationB  on 
the  falling  fruits  of  some  of  the  trees  and  other  plants  aboye 
mentioned,  to  answer  such  questions  as  the  f  oUowing : 

What  is  the  nse  of 
the  wing-like  append- 
ages?  of  the  tufts  of 
hairs? 

Which  set  of  con- 
trivances  seems  to  be 
the  more  successful  of 
the  two  in  securing 
this  object? 

What  particular 
plant  of  the  ones  avail- 
able  for  study  seems 
to  have  attained  this 
object  most  perfectly  ? 

What  is  one  reason 
why  many  plants  with 
tufted  fruits,  such  as 
the  thistle  and  the  dan- 
delion,  are  extremely 
troublesome  weeds? 

A  few  simple  experi- 
ments,  easily  devised 
by  the  atudent,  may 
'  help  him  to  find  an- 

Fio.  267.  —  Winged  Fruits  of  Thistle  ;  Winged  Seeds      SWers  to  the  questions 
of  Milkweed.  above  given.^ 

448.  Tumbleweeds.  —  Laie  in  the  autumn,  fences,  par- 
ticularly  on  prairie  farms  that  are  not  carefully  tilled,  of ten 
serve  as  lodging-plaoes  for  immense  numbers  of  certain 
dried-up  plants  known  as  tumbleweeds.  These  blow 
about  over  the  level  surface  until  the  first  snow  falls  and 

1  See  Kemer  and  Oliver,  Vol.  II,  pp.  833-S75;  also  Beal's  Seed  Dispenal, 
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even  after  that  (Fig.  269),  often  traveling  for  many  miles 
before  they  come  to  a  stop,  and  rattling  out  seeds  as  they 
go.  Some  of  the  commonest  tumbleweeds  are  the  Russian 
thistle  (Fig.  268),  the  pigweed  (Amarantus  albiui^  Fig.  269), 
the  tickle-grass  (Fig.  270),  and  a  familiär  peppeivgrass 
(Lepidium).  In  order  to  make  a  successful  tumbleweed,  a 
plant  must  be  pretty  nearly  globular  in  form  when  fuUy 
grown  and  dried,  must  be  tough  and  light,  must  break  off 
near  the  ground,  and  drop  its  seeds  only  a  few  at  a  time 
as  it  travels.  A  single  plant 
of  Russian  thistle  is  some- 
times  as  much  as  three  feet 
high  and  six  feet  in  diameter 
and  Games  not  less  than  two 
hundred  thousand  seeds. 

449.  Hany-Seeded  Pods 
with  Small  Openings. — 
There  are  many  fniits  which 
act  somewhat  like  pepper- 
boxes.  The  capsule  of  the 
poppy  is  a  good  instance  of 
this  kind,  and  the  fruit  of 
lily,  monkshood  (Fig.  168), 
columbine,  larkspur,  and 
jimson  weed  (Fig.  271)  acts 
in  much  the  same  way. 
Clamping  the  dry  peduncle 
of  any  one  of  these  ripe 
fruits,  so  as  to  hold  it  up- 
right  above  the  table-top,  and  then  swinging  it  back  and 
forth,  will  readily  show  its  efficiency  in  seed  dispersal. 


FlO.  268.  —  KuMian  Thistle. 
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450.  Study  of  Transportaüoii  by  Water.  —  Nothing  less 
than  a  long  series  of  observations  by  the  pond-margin  and 
the  brookside  will  suffice  to  show  how  general  and  impor- 


Fio.  209.  —  TambleweedB  ^  lodged  against  a  Wire  Fence  in  Winter. 

tant  is  the  work  done  by  water  in  canying  the  seeds  of 
aquatics.  An  experiment  will,  however,  throw  some  light 
on  the  subject. 

EXPERIMENT  XL 


Adaptation  for  Transportation  by  Water.  —  Collect  fruit«  of  as 
many  aquatic,  semi-aquatic,  or  riverside  and  brookside  species  of 
plants  as  possible,  place  them  on  shallow  pans  of  water  and  notice 
wbat  Proportion  of  all  the  kinds  studied  will  float.  Leave  them 
twenty-four  hours  or  more  and  see  whether  all  the  kinds  that  floated 
at  first  are  still  afloat.     Some  desirable  fruits  for  this  experiment 

1  Anuirantus  <übu8. 
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are :  aquatic  grasses,  rushes  and  sedges,  polygen  ums,  water-dock, 
bur-reed,  arrowhead,  water-plantain,  pickerel-weed,  alder,  button- 
bush,  water-parsnip  (Sium)y  water-hemlock  (Cicutd),  water  penny- 
wort  (Hydrocotyle), 


451.  Distances  traversed  by  Floating  Seeds.  —  Ocean 
currents  fumish  transportation  for  the  longest  joumeys 
that  are  made  by  floating 
seeds.  It  is  a  well-known 
fact  that  cocoarpalms  are 
among  the  first  plants  to 

•spring  up  on  newly  formed 
coral  Islands.  The  nuts 
from  which  these  palms 
grew  may  readily  have 
floated  a  thousand  miles 
or  more  without  injury. 
On  examining  a  cocoanut 
with  the  fibrous  husk  at- 
taehed,  just  as  it  feil  from 
the  tree,  it  is  easy  to  see 
how  well  this  fruit  is 
adapted  for  transportation 
by  water.  There  are  al- 
together  about  a  hundred 
drifting  fruits  known,  one 
(the  Maldive  nut)  reach- 
ing  a  weight  of  twenty  to 
twenty-five  pounds. 

452.  Burs.  —  A  large  class  of  fruits  is  characterized  by 
the  presence  of  hooks  on  the  outer  surface.  These  are 
sometimes   outgrowths  from  the  ovary,  sometimes  from 


Fio.  270.  —  Panicle  of  Tickle-OraM,  a 
Common  Tumbleweed. 
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the  calyx,  sometimes  from  an  involucre.  Their  office  is 
to  attach  the  fruit  to  the  hair  or  für  of  passing  animals. 
Often,  as  in  sticktights  (Fig.  272),  the  hooks  are  compara- 
tively  weak,  but  in  other  cases,  as  in  the  cocklebnr  (Fig. 
272),  and  still  more  in  the  Martynia,  the  fruit  of  which 
in  the  green  condition  is  much  used  for  pickles,  the 
hooks  are  exceedingly  strong.  Cockleburs  can  hardly  be 
removed  from  the  tails  of  horäes  and  cattle,  into  which 


I  II  III 

Fio.  271.  —  Three  Fniits  adapted  for  Disperaal  by  the  Shaking  Action  of  the  Wind. 
I,  celandine ;  n,  pea ;  III,  jimson  weed  (Datura). 

they  have  become   matted,  without  cutting  out  all  the 
hairs  to  which  they  are  fastened. 

A  curious  case  of  distribution  of  this  kind  occurred 
in  the  Island  of  Temate,  in  the  Malay  Archipelago.  A 
buffalo  with  his  hair  stuck  füll  of  the  needle-like  fruits  of 
a  grass^  was  sent  as  a  present  to  the  so-called  King  of 
Temate.  Scattered  from  the  hair  of  this  Single  animal, 
the  grass  soon  spread  over  the  whole  Island. 

1  Andropogon  acicularis. 
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Why  do  bur-beaiing  plants  often  carry  their  fruit  until 
late  winter  or  early  spring? 

What  reason  can  be  given  for  the  fact  that  the  burdock, 
the  cocklebur,  the  beggar's-ticks,  the  houndVtongue,  and 
many  other  common  burs,  are  among  the  most  persistent 
of  weeds  ? 

453.  Uses  of  Stone  Fruits  and  of  Fleshy  Fruits  to  the 
Plant.  —  Besides  the  dry  fruits,  of  which  some  of  the 
principal  kinds  have  been  mentioned,  there  are  many  kinds 


A,  fticktights  ;  J9,  sticktight«,  two  Segments,  umgnifled ; 
C,  bardock ;  2>,  oockleburi . 

of  stone  fruits  and  other  fleshy  fruits  (Sects.  242-247). 
Of  these  the  great  majority  are  eatable  by  man  or  some  of 
the  lower  animals,  and  oftentimes  the  amount  of  sugar 
and  other  food  material  which  they  contain  is  very  con- 
siderable.    It  is  a  well-recognized  principle  of  botany,  and 


884 
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of  zoölogj  as  well,  that  plant»  and  animals  do  not  make 
unrewarded  outlays  for  the  benefit  of  other  species.  Evi- 
denüy  the  pulp  of  fruits  is  not  to  be  consumed  or  nsed 


1  ui 

Fio.  273.  —  Barte  and  Hooks  of  Bon. 

I,  barbed  pointe  from  fruit  of  beggar*s-tick8,  magnlfled  eieren  timea ; 
*  II,  hook  of  oooklebur,  magnlfled  eieren  timea ;  III,  beggar's^icka 
fruit,  natural  size ;  IV,  cocklebur  hook,  natural  size. 

as  food  by  the  plant  itself  or  (in  general)  by  its  seeds.  It 
is  worth  while,  therefore,  for  the  Student  to  ask  himself 
some  such  questions  as  these :  ^ 

(1)  Why  is  the  pulp  of  so  many  fruits  eatable  ? 

(2)  Why  are  the  seeds  of  many  pulpy  finiits  bitter  or 
otherwise  unpleasantly  flavored,  as  in  the  orange  ? 

(3)  Why  are  the  seeds  or  the  layo^  surrounding  the 

1  See  Kemer  and  Oliver's  Natural  HUtory  of  Plant»,  Vol.  II,  pp.  442-160. 
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seeds  of  many  pulpy  fniits  too  hai-d  to  be  chewed,  or 
digested,  as  in  the  date  and  the  peach? 

(4)  Why  are  the  seeds  of  some  pulpy  fruits  too  small 
to  be  easily  chewed,  and  also  indigestible,  as  in  the  fig 
and  the  currant? 

(5)  Account  for  the  not  infrequent  presence  of  currant 
bushes  or  asparagus  plants  in  such  localities  as  thö  forks 
of  large  trees,  sometimes  at  a  height  of  twenty,  thirty,  or 
more  feet  above  the  ground  (Fig.  274). 

Careful  Observation  of  the  neighborhood  of  peach,  plum, 
cherry,  or  apple  trees  at  the  season  when  the  fruit  is  ripe 
and  again  during  the  foUowing  spring,  and  an  examina- 
tion  into  the  distribution  of  wild 
apple  or  pear  trees  in  pastures 
where  they  occur,  will  help  the 
Student  who  can  make  such  ob- 
servations  to  answer  the  preced- 
ing  questions.     So,  too,  would 
an  examination  of  the  habits  of 
fruit-eating  quadnipeds  and  of 
the  crop  and  gizzard  of  fruit- 
eating  birds  during  the  season 
when  the  fruits  upon  which  they 
feed  are  ripe. 

454.  Seed-Carrying  purposely 
done  by  Animals.  —  In  the  cases 
referred  to  in  the  preceding  sec- 
tions,  animals  have  been  seen 
to  act  as  unconscious  or  even  unwilling  seed-carriers. 
Sometimes,  however,  they  carry  off  seeds  with  the  plan 
of  storing  them  for  food.     Ants  drag  away  with  them  to 
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their  nests  certain  seeds  which  have  fleshy  growths   on 
their  outer  surfaces.      Afterwards  they  eat  these  fleshy 


Fia.  275.  —  Ked  Cedar  Trees  planted  by  Birds  roosting  on  Fences. 

parte  at  their  leisure,  leaving  the  seed  perfectly   fit  to 
grow,  as  it  often  does.^ 

Squirrels  and  bluejays   are  knovvn  to  carry  nute  and 
acorns   about   and   bury   them   for   future   use.       These 


Fm.  276.  —  Seed  of  Bloodroot  with  Caruncle  or  Crest,  which  fervee  us  a  Handle 
for  Autti  to  hohl  on  to.    Ant  ready  to  take  the  seed. 

(leposite  are  often  forgotten  and  so  get  a  chanee  to  grow, 
and  in  this  way  a  good  deal  of  tree-planting  is  done. 

1  See  Beal's  Settd  Dispersalf  pp.  G9,  70. 


CHAPTER   XXX 

THE    STRÜGGLE    FOR    EXISTENCE  AND   THE   SURVIVAL 
OF    THE    FITTEST  1 

455.  Weeds.  —  Any  flowering  plant  which  is  trouble- 
some  to  the  farmer  or  gardener  is  commonly  known  as  a 
weed.  Though  such  plants  are  so  annoying  from  their 
tendency  to  crowd  out  others  useful  to  man,  they  are  of 
extreme  interest  to  the  botanist  on  account  of  this  very 
hardiness.  The  principal  characteristics  of  the  most  suc- 
cessful  weeds  are  their  ability  to  live  in  a  variety  of  soils 
and  exposures,  their  rapid  growth,  resistance  to  frost, 
drought,  and  dust,  their  unfitness  for  the  food  of  most  of 
the  larger  animals,  in  many  cases  their  capaeity  to  aecomr 
plish  self-pollination,  in  default  of  cross-poUination,  and 
their  ability  to  produce  many  seeds  and  to  secure  their 
wide  dispersal.  Not  every  weed  combines  all  of  these 
characteristics.  For  instance,  the  velvet-leaf  or  butter- 
print,^  common  in  cornfields,  is  very  easily  destroyed  by 
frost ;  the  pigweed  and  purslane  are  greedily  eaten  by  pigs, 
and  the  ragweed  by  some  horses.  The  horse-i'adish  does 
not  usually  produce  any  seeds. 

It  is  a  curious  fact  that  many  plants  which  have  finally 
proved  to  be  noxious  weeds  have  been  purposely  intro- 
duced  into  the  country.  The  fuUer's  teasel,  melilot, 
horse-radish,  wild  carrot,  wild  parsnip,  tansy,  oxeye  daisy, 

1  See  Darwin's  Origin  of  Species,  Chapten  III  and  IV. 

2  Abutilon  Avicennm. 
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and  field-grarlic  are  only  a  few  of  the  many  examples  of 
veiy  troublesome  weeds  which  were  at  fiist  planted  for 
use  or  for  omament. 

456.  Study  of  Weeds.  —  Select  two  or  more  out  of  the 
foUowing  list  of  weeds  and  report  on  the  qualities  which 
make  them  troublesome  from  the  farmer's  point  of  view 
(suocessful  from  their  own).^ 

LIST  OF  WEEDS« 

1.  Barn-grass,*  Panicum  Crta^aUi, 

2.  Beggar's  lice,*  Cynoglossum  officinaU, 

3.  Beggar'a-ticks,  Bidens  frondosa. 

4.  Black  mustard,*  Brassica  nigra, 

5.  Blue  thistle,*  Echium  vulgare. 

6.  Buffalo  bur,  Solanum  rostratum, 

7.  Burdock,*  Arctium  Lappa. 

8.  Buttercup,*  Ranunculus  bulbosus, 
0.  Butterweed,*  Erigeron  canadensis. 

10.  Carpet  weed,  Mollugo  verticillata. 

11.  Charlock,*  Brassica  Sinapistrum. 

12.  Chess  or  cheat,*  Bromus  secalinus. 

13.  Chickweed,  Stellaria  media.  • 

14.  Chicory,*  Cichorium  Intybus. 
1.5.  Clover  dodder,*  Cuscuta  Trifolii. 

16.  Cocklebur,*  Xanihium  spinosum. 

17.  Com  cockle,*  Agrostemma  Githago. 

1  ThiB  stady  will  be  of  little  value  in  city  schools,  Binoe  the  plants  shoiüd 
be  examined  as  they  grow.  SpecimenB  of  the  mataie  weed  and  of  its  fmltB 
and  seedB  may  be  preserved  by  the  teacher  from  one  Beason  to  another  for 
claBB  uBe.  Whole  BpecimenB  of  Bmall  plants,  Buch  as  purslane,  may  be  put 
into  preservative  fluid  (see  Handbook).  Ordinary  weeds.  such  as  ragweed, 
pigweed,  etc.,  may  be  preased  and  kept  as  rougbly  prepared  herbarinm 
specimens,  while  such  very  large  plants  as  jimson  weed,  dock,  etc.,  may  be 
hnng  up  by  the  roots  and  thns  dried. 

*  Names  marked  in  the  list  thns  *  are  thoee  of  plants  Introduoed  from 
other  oountries,  mostly  from  Europe. 
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18.  Cow  herb,*  Sapanaria  Vaccaria. 

10.  Daisy,  oxeye,*  Chrysanthemum  Leucanthemum, 

20.  Dandelion,*  Taraxacum  officinale. 

21.  Dock,  Rumex  crispus, 

22.  Dog  fennel,*  Anthemis  cotula. 

23.  Fox-tail  grass,*  Setaria  glauca. 
24.-  Horse-nettle,  Solanum  earolinense. 

25.  Jameatown  weed  or  Jimson  weed,*  Datura  Stramonium 

or  D.  Tatula. 

26.  Johnson  grass,  Andropogon  halepensü. 

27.  Mallow,*  Malva  rotundifolia. 

28.  Milkweed,  Asclepias  Comuti, 

29.  Nettle,  Urtica  gracüis, 

30.  Figweed,*  Amarantus  retroßexus, 

31.  Figweed,*  Chenopodium  alhum. 

32.  Flantain,*  Plantago  major. 

33.  Fokeberry,  Phytolacca  decandra. 

34.  Furslane,  Portulaca  oleracea. 

35.  Quick-gp*as8,*  Witchgrass,  Agropyrum  repens, 

36.  Ragweed,  Ambrosia  artemisia:/olia. 

37.  Rib  grass,*  Plantago  lanceolata. 

38.  Sand  bur,  Cenchrus  tribuloides, 

39.  Shepherd's  purse,*  Capsella  Bursa-pasioris. 

40.  Smartweed,  Polygonum  Hydropiper. 

41.  Sorrel,*  Rumex  Acetoseüa. 

42.  Spaniflh  needles,  Bidens  hipinnata, 

43.  Sticktights,  Desmodium  canadense, 

44.  Thifltle,*  Cirsium  lanceolatum,  C  arvense, 

45.  Yarrow,  Achillea  Mille/olium. 

457.  Origin  of  Weeds.^  —  By  f ar  the  larger  proportion 
of  our  weeds  are  not  native  to  this  country.  Some  have 
been  brought  from  South  America  and  from  Asia,  but 
moBt  of  the  introduced  kinds  come  from  Europe.  The 
importation  of  various  kinds  of  gprain  and  of  garden-seeds, 

1  See  the  artide  "  Fertinacity  and  Fredominance  of  Weeds,"  in  Scientific 
Papers  qfAsa  Gray,  aelected  by  C.  S.  Sargent,  Vol.  11,  pp.  234-242. 
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mixed  with  seeds  of  European  weeds,  will  account  for  the 
presence  of  many  of  the  latter  among  us.  Others  have 
been  brought  over  in  the  ballast  of  vessels.  Once  landed, 
European  weeds  have  succeeded  in  establishing  themselves 
in  so  many  cases,  because  they  were  superior  in  vitality 
and  in  their  power  of  reproduction  to  our  native  plants. 
This  may  not  improbably  be  due  to  the  fact  that  the  Euro- 
pean and  westem  Asiatie  Vegetation,  rauch  of  it  consisting 
from  very  early  times  of  plants  growing  in  comparatively 
treeless  plains,  has  for  ages  been  habituated  to  flourish  in 
cultivated  ground  and  to  contend  with  the  crops  which 
are  tilled  there. 

458.  Plant  Life  maintained  under  Difficulties.  —  Plants 
usually  have  to  encounter  many  obstacles  even  to  their 
bare  existence.  For  every  plant  which  succeeds  in  reach- 
ing  maturity  and  prbducing  a  crop  of  spores  or  of  seeds 
there  are  hundreds  or  thousands  of  failures,  as  it  is  easy 
to  show  by  calculation.  The  moming-glory  (Tpomoea  pur- 
pur  ea)  is  only  a  moderately  prolific  plant,  producing,  in 
an  ordinary  soil,  soraewhat  more  than  three  thousand 
seeds.^  If  all  these  seeds  were  planted  and  grew,  there 
would  be  three  thousand  plants  the  seeond  summer,  sprung 
from  the  Single  parent  plant.  Suppose  eaeh  of  these 
plants  to  bear  as  the  parent  did,  and  so  on.  Then  there 
would  be  : 

9,000,000  plante  the  third  year. 
27,000,000,000  plante  the  fourth  year. 
81,000,000,000,000  plante  the  fifth  year. 
248,000,000,000,000,000  plante  the  sixth  year. 
729,000,000,000,000,000,000  plante  the  seventh  year. 

^  Rather  more  than  three  thousand  two  hundred  by  actual  count  and 
estimation. 
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It  is  not  difficult  to  see  that  the  offspring  of  a  single 
moming-glory  plant  would,  at  this  rate,  soon  actually 
Cover  the  entire  surface  of  the  earth.  The  fact  that 
moming-glories  do  not  occupy  any  larger  amount  of  ter- 
ritory than  they  do  must  therefore  depend  upon  the  fact 
that  the  immense  majority  of  their  seeds  are  not  allowed 
to  grow  into  mature  plants. 

There  are  many  plante  which  would  yield  far  more  sur- 
prising  resulte  in  a  calculation  similar  to  that  just  given 
than  are  affoi'ded  by  the  morning-glory.  For  instance,  a 
foxglove  capsule  contains  on  an  average  nearly  1800 
seeds.  A  small  foxglove  plant  beara  from  140  to  200  cap- 
sules  and  a  large  one  from  680  to  700.  Therefore  a  single 
plant  may  produce  over  1,250,000  seeds.  A  single  orchid 
plant  ^  has  been  shown  to  produce  over  10,000,000  seeds. 

459.  Importance  of  Dispersal  of  Seeds.  —  It  is  clear  that 
any  means  of  securing  the  wide  distribution  of  seeds  is  of 
vital  importance  in  continuing  and  increasing  the  numljers 
of  any  kind  of  plant,  since  in  this  way  destructioii  hy  over- 
crowding  and  starvation  will  be  lessened. 

A  few  of  the  means  of  transportation  of  seeds  have  been 
described  in  Secte.  445-454>  but  the  cases  are  so  numerous 
and  varied  that  a  special  treatise  might  well  be  devoted  to 
this  subject  alone. 

460.  Destruction  of  Plants  by  Unf avorable  Climates.  — 
Land-plante,  throughout  the  greater  part  of  the  earth's 
surface,  are  killed  in  enormous  numbers  by  excessive  heat 
and  drought,  by  floods,  or  by  frost.  After  a  very  diy 
spring  or  summer  the  scantiness  of  the  crops,  before  the 
era  of  railroads  which  nowadays  enable  food  to  be  brought 

1  Mazillaria,  see  Darwin's  FeriUization  of  OrdUds^  Chapter  IX. 
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in  rapidly  from  other  regions,  often  produced  actual  fam- 
ine.  Wild  plante  are  not  observed  so  carefuUy  as  culti- 
vated  ones  are,  but  almost  every  one  has  noticed  the 
patches  of  grass,  apparently  dead,  in  pastures  and  the 
withered  herbaceous  plants  everywhere  through  the  fields 
and  woods  after  a  long  drought. 

Floods  destroy  the  plants  over  large  areas,  by  drowning 
them,  by  sweeping  them  bodily  away,  or  by  covering  them 
with  sand  and  gravel. 

Frosts  kill  many  annual  plants  before  they  have  ripened 
their  seeds,  and  severe  and  changeable  winters  sometimes 
kill  perennial  plants. 

461.  Destruction  by  Other  Plants.  —  Overcrowding  is 
one  of  the  commonest  ways  in  which  plants  get  rid  of 
their  weaker  neighbors.  If  the  market-gardener  sows  his 
lettuce  or  his  beets  too  thickly,  few  perfect  plants  will  be 
produced,  and  the  same  kind  of  effeet  is  brought  about  in 
nature  on  an  immense  scale.  Sometimes  plants  are  over- 
shadowed  and  stuuted  or  killed  by  the  growth  all  about 
them  of  others  of  the  same  kind ;  sometimes  it  is  plants 
of  other  kinds  that  crowd  less  hardy  ones  out  of  existence. 

Whole  tribes  of  parasitio  plants,  some  comparatively 
large,  like  the  dodder  and  the  mistletoe,  others  micro- 
scopic,  like  blights  and  mildews,  prey  during  their  whole 
lives  upon  other  plants. 

462.  Adaptations  to  meet  Adverse  Conditions.  —  Since 
there  are  so  many  kinds  of  difBculties  to  be  met  before  the 
seed  can  grow  into  a  mature  plant  and  produce  seed  in  its 
tum,  and  since  the  earth's  surface  offers  such  extreme 
variations  as  regards  heat,  sunlight,  rainfall,  and  quality 
of  soll,  it  is  evident  that  there  is  a  great  opportunity 
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offered  for  competition  among  plants.  Of  several  plants 
of  the  same  kind,  growing  side  by  aide,  where  there  is 
room  for  but  one  full-grown  one,  all  may  be  stunted,  or 
one  may  develop  more  rapidly  than  the  otheis,  starve  them 
out,  and  shade  them  to  death.  Of  two  plants  of  different 
kinda  the  hardier  will  crowd  out  the  less  hardy,  as  ragweed, 
pigweed,  and  purslane  do  with  ordinary  gaiden  crops. 
Weeds  like  these  are  rapid  growers,  stand  drought  or 
shade  well,  will  bear  to  be  trampled  on,  and,  in  general, 
show  remarkable  toughness  of  Organization. 

Plants  which  can  live  under  conditions  that  would  be 
fatal  to  most  others  will  find  much  less  competition  than 
the  rank  and  file  of  plants  are  f  orced  to  eneounter.  Lichens, 
growing  on  harren  rocks,  are  thus  situated,  and  so  are  the 
f resh-water  plants,  somewhat  like  pondnscum  in  their  struc- 
ture,  which  are  found  growing  in  hot  Springs  at  tempera- 
tures  of  140°,  or  in  some  cases  nearly  up  to  200*^. 

463.  Ezamples  of  Rapid  Increase.  —  Nothing  but  the 
Opposition  which  plants  eneounter  from  overcrowding  or 
f rom  the  attacks  of  their  enemies  prevents  any  hardy  kind 
of  plant  from  covering  all  suitable  portions  of  a  whole 
continent,  to  the  exclusion  of  most  other  yegetable  life. 
New  Zealand  and  the  pampas  of  La  Plata  and  Paraguay, 
in  South  America,  have,  during  the  present  Century,  fur- 
nished  wonderful  examples  of  the  spread  of  European 
species  of  plants  over  hundreds  of  thousands  of  Square 
mUes  of  territory.  The  newcomers  were  more  vigorous, 
or  in  some  way  better  adapted  to  get  on  in  the  world 
than  the  native  plants  which  they  encountered,  and  so 
managed  to  crowd  multitudes  of  the  latter  out  of 
existence. 
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In  OUT  own  country  a  noteworthy  case  of  the  kind  has 
occurred  so  very  recently  that  it  is  of  especial  interest 
to  American  botanists.  The  80-called  Russian  thisüe 
(Fig.  268),  which  is  merely  a  variety  of  the  saltwort,  so 
common  along  the  Atlantic  coast,  was  first  introduced  into 
South  Dakota  in  flaxseed  brought  from  Russia  and  planted 
in  1873  or  1874.  In  twenty  years  from  that  time  the  plant 
had  become  one  of  the  most  formidable  weeds  known,  over 
an  area  of  about  twenty-üve  thousand  square  miles. 

464.  Importance  of  Adaptiveness  in  Plants It  may  be 

inferred  from  the  preceding  sections  that  a  premium  is  set 
on  all  changes  in  structure  or  habits  which  may  enable 
plants  to  resist  their  living  enemies  or  to  live  amid  partially 
adverse  surroundings  of  soll  or  climate.  It  would  take  a 
volume  to  state,  even  in  a  very  simple  way,  the  conclusions 
which  naturalists  have  drawn  from  this  fact  of  a  savage 
competition  going  on  among  living  thingfs,  and  it  will  be 
enough  to  say  here  that  tlte  existing  kind%  of  plants  to  a 
great  degree  owe  their  structure  and  habits  to  the  Operation 
of  the  struggle  for  existencej  this  term  including  the  effort  to 
respond  to  changes  in  the  conditions  by  which  they  are  sur- 
rounded.  How  the  struggle  for  existence  has  brought 
about  such  far-reaching  results  will  be  briefly  indicated  in 
the  next  section. 

465.  Survival  of  the  Fittest.  —  When  frost,  drought, 
blights,  or  other  agencies  kill  most  of  the  plants  in  any 
portion  of  the  country,  it  is  often  the  case  that  many  of 
the  plants  which  escape  do  so  because  they  can  stand  more 
hardship  than  the  ones  which  die.  In  this  way  delicate 
individuals  are  weeded  out  and  those  which  are  more 
robust  survive.    But  other  qualities  besides  mere  toughness 
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often  decide  which  plant  or  plants  of  any  particular 
kind  shall  live  and  which  ones  shall  die  out  In  every 
grove  of  oaks  there  are  some  with  sweeter  and  others  with 
more  bitter  acorns.  One  shellbark  hickory  bears  nuts 
whose  shell  is  easily  cracked  by  hogs,  while  another  pro- 
tects  its  seeds  by  a  shell  so  hard  that  it  is  cracked  only 
by  a  pretty  heavy  blow.  In  case  of  all  such  differences, 
there  is  a  strong  tendency  to  have  the  less  eatable  fruit  or 
seed  preserved  and  allowed  to  grow,  while  the  moi'e  eat- 
able varieties  will  be  destroyed.  Sorae  individuals  of  the 
European  holly  produce  bright  red  berries,  while  others 
produce  comparatively  inconspicuous  yellow  ones.  It  has 
been  found  that  the  red  berries  are  much  more  promptly 
carried  off  by  birds,  and  the  seeds  therefore  much  more 
widely  distributed  than  the  yellow  ones  are.  The  result 
of  this  kind  of  advantage,  in  any  of  its  countless  forms,  is 
sometimes  called  aurvival  of  the  fittest,,  and  sometimes 
natural  seleetion.  The  latter  name  means  only  that  the 
outcome  of  the  process  just  descril)ed,  as  it  goes  on  in 
nature,  is  much  the  same  as  that  of  the  gardener's  seleetion, 
when,  by  picking  out  year  by  year  the  earliest  ripening 
peas  or  certain  kinds  of  the  oddest-colored  Chrysanthe- 
mums, he  obtains  permanent  new  varieties.  Natural 
agencies,  acting  on  an  enormous  scale  through  many 
ages,  may  well  be  supposed  to  have  brought  about  the 
perpetuation  of  millions  of  such  variations  as  are  known 
to  be  of  constant  occurrence  among  plants,  wild  as  well 
as  cultivated. 
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AbBorpüon  of  carbon  dioxide,  166-      Alternate,  *65,  66. 


170. 
Acacia,  leaf  of,  *145. 
Accessory  buds,  122,  «123. 
Accessory  fruits,  •226. 
Acuminate,  *131. 
Acute,  *131. 
Adaptations  to  conditioiis  of  exist- 

ence,  394. 
Adherent,  204. 
Adnate,  204. 
AdTentitioos  buds,  128. 
Advendtious  roota,  36. 
Aerial  roots,  36,  »37,  »38,  »SO. 
Agaricus,  study  of,  264-266*. 
Age  of  trees,  71. 
Aggregate  fruits,  225,  *226. 
Ailanthus  twig,  *121. 
Air,  relation  to  germination,  10- 

12. 
Air  Chamber,  »löl,  ♦163,  ♦164. 
Air-passages  in  Hippuri8Stem,^173. 
Akene,  ^222. 

Albuminous  substances,  22. 
Alga,  232,  241-257^. 
AlgsB,  Classification  of,  ♦267. 
Alg»,  study  of,  241-267^. 


Altemate  leaves,  ♦140. 
Altemation  of  generations,  278. 
Althsea  leaf,  ♦162. 
Anatomy  of  plante  (see  under  roat^ 

stemy  leafy  flotoer,  frvM^  stnicture 

of). 
Angiosperms,  233. 
Angiosperms,  oldest,  304,  305. 
Animal  food,  need  of ,  344. 
Animals,    defenses   against,    345- 

362^. 
Annual  growth,  indefinite,  60. 
Annual  ring,  ♦lOO,  ♦lOl. 
Annuals,  71. 
Anther,  201,  202,  ^203. 
Anther,  modes  of  opening,  ♦211. 
Antheridia,  ♦284,  286. 
Antherozoids,  247,  248,  ♦261,  254, 

♦279,  ^284. 
Antipodal  cells,  ♦215. 
Ant-plants,  346,  ^347. 
Ants  plant  seeds,  ♦386. 
Apetalous,  ♦198. 
Apothecia,  271. 
Apple  leaf,  stipules  of ,  ^136. 
Aquatic  roots,  37. 
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Arch  of  hypocotyl,  25-27. 
Archegonia,  »284,  286,  *296. 
Arctic  willow,  *328. 
Aristolochia  stem,  bandle  of ,  *88. 
Aristolochia  stem,  crofis-fiection  of , 

•87,  88. 
Arrangement  of  leaves,  *140,  *141. 
Arrow-shaped,  *132. 
Asci,  263,  270,  273. 
Ascomycetes,  232. 
Agexual  generation,  278. 
Ash  tree,  naturally  grafted,  *90. 
Asparagos,  79,  *80. 
Aspidium,  ♦288. 
Asplenium,  study  of,  286-289*. 
Assimilation,  171,  172. 
Autumn  leaves,  coloration  of,  176. 
Axillary  bud,  ♦122. 
Axillary  flowers,  *im. 

Bacillariales,  282. 

BacilU,  ♦237. 

Bacteria,  232,  ♦237. 

Bacteria,  manufacture  of  nitric  acid 

by,  340. 
Bacteria,  study  of ,  288,  289. 
Barbedhairs,  ♦351. 
Barberry,  spiny  leaves  of,  ^848. 
Bark,  86,  ^91,  104. 
Basidia,  ^266. 
Basidiomycetes,  232. 
Bast,  ^87,  ♦91,  ^92. 
Bast-bundle,  ^92. 
Bean-pod,  study  of,  219. 
Bean  seed,  7,  8. 
Beech  twig,  64. 

Beech-wood,  cross-section  of,  ♦lOl. 
Bees,  366,  ♦366,  ^360. 
Beet  leaf,  ♦löl. 
Beggar's  ticks,  ♦;^84. 

'igouia  leaf,  osmose  in,  61. 


Bell-shaped,  ^202. 
Belt's  bodies,  ^347. 
Berry,  ^226. 
Berry,  study  of,  217. 
Biennial,  47,  71. 
Biogenesis,  law  of,  299,  300. 
Birch,  branching  of,  ♦71. 
Bird-pollinated  flowers,  362. 
Birds  plant  seeds,  386,  ^386. 
Black  moold,  study  of,  267,  268, 

269. 
Bladder-wrack^  ♦260. 
Botanical  geography,  824-336. 
Botanical    geography    of    United 

States,  833-336. 
Botany,  definition  of,  1. 
Box-elder,  buda  of,  ♦123. 
Box-elder,  radial  and  cross-sectioiis 

of  Stern  of ,  ^89. 
Bract,  ^186,  187. 
Branches  formed  from  adventitious 

bnds,  128. 
Branching,  altemate,  ♦66,  QQ, 
Branching  and  leaf-arrangement, 

64,66. 
Branching,  opposite,  ^66. 
Branch-splne,  ^69. 
Brazil  nut,  food  stored  in,  23,  24. 
Breathing-pore,  ♦163. 
Bryophytes,  282,  277,  278. 
Buckeye,  bud  of,  ^120. 
Bud,  horse-chestnut,  119,  120. 
Bud-scales,  121. 
Buds,  118-129. 
Buds,  adventitious,  128. 
Buds,  dormant,  127,  128. 
Bads,  naked,  121. 
Buds,  Position  of,  121,  ^122,  ^123, 

♦124. 
Buds,  structure  of,  119,  ^126. 
Bulb,  77,  ♦79. 
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Bulb,  hyacinth,  *79, 

Bulb,  onioD,  77. 

Bulblete,  376,  376. 

Bulrush,  cross-section  of  stem  of, 

♦84. 
Bure,  381,  382,  »383. 
Buttercup,  leaf  of,  *136. 
Buttercup,  study  of  flower  of,  195. 

196. 
Butternut,  buds  of,  *124. 

Cabbage,  a  bud,  123. 

Cactuis,  ♦80,  ♦315. 

CactuB  flower,  trausitions  iu,  *208. 

Caladium,  76,  ^77. 

Calyx,  ♦197. 

Cambium,  ^87,  ♦SS,  ^89,  9Ö-100. 

Camblum-ring,  96,  ♦97. 

Cauiia,  parallel  veiniug  in,  136. 

Capsule,  223. 

Carbon  dioxide,  absorption  of ,  166- 

168. 
Carbon  dioxide,  disposition  of,  168, 

169. 
Camivorous  plants,  342-344^. 
Carpel,  198. 

Castor  bean,  germination  of,  ♦7. 
CajBtor-oil  plant,   early  history  of 

Stern,  ♦96. 
Castor-oil     plant,     fibro-vascular 

bündle  of ,  ♦95. 
Catharinea,  ♦282. 
Catkin,  ♦187. 
Celandine,  leaf  of,  ♦134. 
Cell,  20,  21. 
Cell-contents,  ^19,  ♦löö,  180,  ^183, 

♦184. 
Cell-contents,  continuity  of,  146. 
Cell-division,  ♦ISS,  ^242,  246. 
Cell-multiplication  in  pond-scum, 

♦242. 


Cell-sap,  ♦ISS. 

Cell,  simplest  form  of,  178,  ♦17«, 

180. 
Cell-wall,  178. 
Cells,  isolated  wood-,  ^91. 
Cellulose,  a  Compound  of  carbon, 

hydrogen,  and  oxygen ;  tbe  chief 

constituent  of  ordinary  cell-walls, 

166,  171,  268. 
Central  cylinder,  ^42. 
Central  placenta,  ^205. 
Chara,  ^248,  ^249. 
CharacesB,  249,  250. 
Chemical  changes  in  leaves  beforo 

falling,  176,  176. 
Cherry,   buds  in  axils  of  leaves, 

♦122. 
Cherry  twig,  ♦öS,  ♦126. 
Chestnut  fruit,  ^222. 
Chlorophycese,  232. 
Chlorophyll,  168,  169,  176. 
Chlorophyll  bodies,  ^164,  ♦leö. 
Cilium,  180,  . 
Circulation   of  protoplasra,    ^184, 

186. 
Cladophyll,  79,  ♦Sl. 
Class,  231. 

Classiflcation,  228-234. 
Cleistogamoiis  flowers,  369,  ♦370. 
Clerodendron,  ♦SÖS. 
Climbing  plants,  73-76^. 
Climbing   shrubs,    stem-structurc, 

99,  100. 
Climbing  stems,  ^73,  ^74,  ♦75. 
Clinostat,  ♦68,  69. 
Clover  leaf,  ^144. 
Club-moss,  study  of,  291,  ^292. 
Cluster-cup,  269,  ^261. 
Coherent,  200. 
Cohesion,  204,  ♦206. 
CoUenchyma,  ♦95. 
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Colocasia,  *77. 

Ck)loration  of  automn  leayes,  176. 
Colon  of  flowers,  357,  358. 
Common  receptacle,  *180. 
Compass-plant,     nearly     vertical 

leaves  of,  ♦147. 
Composlte  head,  188,  *180,  190. 
Compound  cyme,  *191. 
Compound  leayes,  «137,  *138,  139. 
Compound  pistil,  202. 
Compound  umbel,  *189. 
Conceptacles,  250,  «252. 
Condensed  stems,  78. 
Conifers,  wood  of ,  »93,  *94. 
Coniferous  wood,  stmcture  of,  92, 

«93,  *94. 
Conjugatsd,  232. 
Conjugating  cell,  «243,  «259. 
Conjugaüon,  «243. 
Consolidated,  204. 
Continuity  of  protoplasm,  146. 
Contractile  vacuole,  180. 
Contractility,  182. 
Cork,  90,  «100,  104,  115. 
Corm,  a  bulb-like,  fleshy  stem,  or 

base  of  stem,  "  a  solid  bulb.^' 
Com,  aerial  roots  of,  «38. 
Com,  cross-section  of  stem  of ,  «83. 
Com,  germination  of,  8. 
Com,  grain  of ,  «16.  ^^ 
Com,  root-tip,  section,  «42. 
Com-stera,  stmcture  of,  «83,  84. 
Corolla,  «197. 
Corymb,  «186,  187. 
Cotyledon,  7. 
Cotyledon,  disposition  made  of ,  28, 

29. 
Cotyledons,  thickened,  use  of,  29. 
Crenate,  132. 
Cross-poUination,  353. 
Crow-berry,  rolled-up  leaf  of ,  «317. 


Cryptogams,  231. 

CiTptogams,  classes  of ,  232,  233. 

Cuispidate,  «131. 

Cuticle,  unequal  development  of,  by 

epidemus-ceUs,  156,  «157. 
Cutin,  156. 
Cutüng  leaves,  «351. 
Cyme,  «191. 
Cjrpress,  71. 

Dahlia,  thickened  roots  of,  «41. 
Daily  movements  of  leaves,  «144, 

♦145,  «146. 
Dandelion,  «72. 
Darwin,  Charles,  853. 
Date-palms,  «85. 
Datura,  Stigma  of,  «213. 
Deciduous,  175. 

Defenses  against  animals,  345-352.« 
Definite  annual  growth,  69. 
Dehiscent  fruits,  222,  «223. 
Deliquescent  trunk,  66,  «67. 
Dentate,  182. 

Descent  of  water,  109,  «110. 
Desert,  Sahara,  «325. 
Desmids,  «243. 

DestmoCion  of  plants,  391,  392. 
Determinate  inflorescence,  191. 
Deutzia  leaves,  «142,  «143. 
Diadelphous,  202. 
Diagrams,  floral,  204,  «205,  «296. 
Diatoms,  study  of,  «240,  241. 
Dichogamy,  «368,  «364. 
Dicotyledonous  plants,  34,  233. 
Dicotyledonous  stem,  annual,  gross 

stmcture  of ,  86,  «87. 
Dicotyledonous  stem,  cross-section 

of,  «87,  «89,  «91,  «96,  «100. 
Dicotyledonous  stem,   mechanical 

importance    of   distributlon    of 

material  in,  89,  90, 
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Dicotyledonons  Stern,  minnte  struc- 

ture  of ,  8Ö-98* 
DicotyledonoTU  stem,  rise  of  water 

in,  107,  108,  »lOO. 
Dimorphous  flowers,  *366,  367. 
Dioecious,  200. 
Discharge  of  pollen,  *211. 
Disk-flowers,  188,  «180. 
Dispersal  of  seeds,  376--386*. 
Disfpersal  of  seed-plants,  373-376. 
Distinct,  201. 
Distribution  of  material  in  mono- 

cotyledonoufl  stems,  *84,  86. 
Dock  fruit,  study  of,  219,  220. 
Dodder,  39,  »40,  41. 
Dormant  buds,  127,  128. 
Double  flowers,  209. 
Drip-leaves,  *314. 
Drosera,  »341,  »342,  343. 
Dronght,  endurance  of,  162,  163. 
Drought-plante,  313-317*. 
Dry  f  ruits,  224. 
Duckweed,  314. 
Duct,  *92. 

Earliest  plants,  298. 

Ecology,  2,  307. 

Egg,  osmosis  in,  60,  *61. 

Egg-cell,  »249,  »261, 280,  »284, 286. 

Elaters,  294. 

Elliptical,  »ISl. 

Elm,  »67. 

Elni  bud,  *126. 

Elm  fruit,  »223. 

Elm  leaf,  130,  133. 

Elm,  twig  of,  *126. 

Smarginate,  »131. 

Embryo,  6,  17. 

Embryo  sac,  *216. 

Endosperm,  »16,  »16,  17,  19. 

Energy,  source  of,  in  plants,  173. 


Enslaved  plants,  338,  *339. 
Epidermis,  uses  of,  166,  «167. 
Epidermis  of  root,  »42,  *44. 
Epigynous,  204,  «206. 
Epipetalous,  204,  «206. 
Epiphytes,  322,  «323. 
Equisetales,  232. 
Equisetum,  study  of ,  292-296*. 
Essential  organs,  *197. 
Euphorbia  splendens,  *360. 
Evergreen,  176. 
Evolutiouary    history    of    plants, 

298^306. 
Excretion  of  water,  172,  173. 
Excurrent  trunk,  »66. 
Existence,  struggle  for,  387-393. 
Exogenous,  96. 
Explosive  fruits,  377. 

Fall  of  horse-chestnut  leaf,  *137. 
Fall  of  the  leaf,  176,  176. 
Family,  230. 

Family,  subdivisions  of,  231. 
Faacicled  roots,  *41. 
Fermentation,  269. 
Fem,  study  of,  286-289*. 
Fem-plants,  296-297. 
Fems,  290,  291. 
Fertilization,  «214,  »216,  216. 
Fibrous  roots,  *41. 
Fibro-vajBcular  bundles,  *83. 
Ficus  elastica,  leaf  of,  *164. 
Ficus  religiosa,  drip-leaf  of,  *314. 
Fig,   transpiration  in,    160,   *161, 

162. 
Filament,  201,  202,  «203. 
Filicales,  232. 
Fir  wood,  «93. 
Fission,  »242. 
Fission-plants,  232. 
Fittest,  suTvival  of,  394,  396. 
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Flax,  cross-section  of  stem  of,  *91. 

Fleshy  fruits,  224. 

Fleshy  fruits,  uses  of ,  383-385. 

Fleshy  roots,  45,  46,  *47. 

Floating  seeds,  381. 

Floral  diagrams,  204,  «205,  «206. 

Floral  envelopes,  108. 

Floral  Organs,  moyements  of,  365, 

366. 
Floridete,  255. 

Flower,  nature  of,  208-211«. 
Flower,  organs  of,  «197. 
Flower,  plan  of,  197-206*. 
Flower>buds,  position  of,  186. 
Flowerless  plant«,  232,  233,  235- 

297. 
Flowers,  bird-poUinated,  362. 
Flowers,  colors  of,  357,  358. 
Flowers,  ecology  of,  353-372*. 
Flowers,  odors  of,  367. 
Flytrap,  Venus,  «343,  344. 
FolUcle,  «223. 
Food  in  embryo,  14. 
Food,  storage  of,  in  root,  46,  «47. 
Food,  storage  of,  in  stem,  113-117. 
Food,  stoi-age  outside  of  embryo, 

15. 
Formative  tissue,  95. 
Fossil  plants,  298,  299. 
Fossils,  298. 
Four-o*clock  seed,  15. 
Foxglove,  pinnate  leaf  of,  «133. 
Free,  204. 

Free  central  placentaüon,  «205. 
Frond,  287,  «288. 
Frost,  action  of,  394. 
Fruit,  221-227«. 
Fruit,  definition  of,  221. 
Fruitrdots,  «288. 
Fruits,  study  of,  217-220. 
Fruits,  uses  of,  376-386«. 


Fuchs,  250-252«. 
Funaria,  «284. 
Fungi,  282,  274-276. 

Gametopbyte,  291. 

GamopetalouB,  200. 

GamosepalouB,  200. 

Qemm»,  279. 

Generations,  altemation  of ,  278. 

Generative   cells,    in    poUen  tube, 

«214. 
Genus,  229. 

Geogn4>hy,  botanicai,  324-335. 
Geography,  botanicai,  of  the  United 

States,  333-335. 
Geotropism,  «57,  «58,  59,  68. 
Germination,  5-13. 
Germination,    chemical     changes 

during,  11-13. 
Germination,  oonditions  of,  8-11. 
GUIs,  «264,  265. 
Gonidia,  273. 
Gourd-fruit,  224. 
Grafting,  98,  «99. 
Grain,  222. 

Grape  sugar,  test  for,  116,  117. 
Gray,  Asa,  71. 
Green  layer  of  bark,  86,  «91. 
Groups,  231. 
Growing  point,  «42. 
Growth,  measnrement  of,  in  stem, 

32. 
Growth,  secondary,  «96,  «97,  «100. 
Guard-cells,  «151,  «158,  «164,  158, 

159. 
Gymnosperms,  233. 

Hsmatococcus,  «244. 
Hairs,  158. 

Hairs,  stinging,  349,  350,  «851. 
Halberd-shaped,  «132. 
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Half-parasites,  336. 

Halophytes,  311,  »319,  320,  »826. 

Hard  bast,  »87,  «91,  •92. 

Haustoria,  39. 

Head,  «188. 

Heart-shaped,  *132. 

Heartwood,  106. 

Heliotropism,  148. 

Hemlock,     lateral     extension     of 

roota,  »60. 
HepaticsB,  232,  280,  281. 
Hepaticse,  Btudy  of ,  278-280*. 
Herbe,  70. 
Hesperidium,  *226. 
High  mallow,  proyisions  for  crosn- 

pollination  of,  «364. 
Hilum,  6. 

Honey-bee,  leg  of,  *366. 
Honey-gland,  »So?. 
Honey  locust,  spine,  *<59. 
Hop,  twining  of,  *75. 
Hormogonia,  *238. 
Horae-chestnut  bud,  study  of,  119, 

120. 
Horse-chestnnt,  germination,  8. 
Horse-chestnut  twig,  62-64. 
Host,  39. 

Hot  Springs,  plants  in,  393. 
Hyacinth,  bulb  of,  *79. 
Hybrid,  229. 
Hybridization,  229. 
Hydrangea,  transpiration  in,  159- 

161* 
Hydrogen,  168. 
Hydrophytes,    311,    »312,    •313, 

•314. 
Hymenium,  *266. 
HyphsB,  267,  •258. 
Hypocotyl,  6,  2&-27. 
Hypocotyl,  cross-section  of ,  96. 
Hypogynoufl,  204,  •205. 


Iceland  moes,  274. 
Imperfect  flowers,  199. 
Indefinite  annual  growth,  69. 
Indehiscent  fruits,  221,  •222. 
Indeterminate  inflorescence,  186. 
Indian  com,  germination  of,  8. 
Indian  com,  kemel  of ,  16. 
Indian  com,  root-tip,  ^42,  ^3. 
Indian    com,  structure   of   stem, 

•88,  84. 
Indian  pipe,  169. 
India-rubber  plant,  leaf  of,  ^164. 
India-mbber   plant,   transpiration 

of,  160-162. 
Indusium,  287,  ^288. 
Inflorescence,  186-191* 
Inflorescence,  determinate,  191. 
Inflorescence,  diagrams  of,  •190. 
Inflorescence,  indeterminate,  186. 
Insectivorous  plants,  340-344* 
Insect  pollination,  356-369*. 
Insect  pollination,  study  of,  367- 

369. 
Insect«,  pollen-carrying  apparatus 

of,  366,  *366. 
Insecta,  sense  of  smell  of,  357. 
Insects,  Vision  of,  358. 
Insect-traps,  leaves  as,  *342,  *343. 
Insect  Visits,  368-362*  *366. 
Insertion  of  floral  organs,  *206. 
Intercellular  Spaces,  *96. 
Internode,  32,  83. 
Involucre,  188,  *189. 
IpomoBa  Jalapa,  46. 
Ipomoea,  rate  of  increase  of,  390, 

391. 
Iris,  rootetock  of,  *77. 
Irish  moss,  263. 
IiTitability  in  plants,  nature  and 

occurrence  of,  182-184. 
Ivy,  aerial  roota  of ,  *39. 
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Keel,  »lOG. 
KidneyHshaped,  *131. 
Knote,  »102. 

Labiale,  «203. 

Ladyfern,  286. 

Lanceolate,  *131. 

Lateral  bnds,  63,  121. 

Leaf,  130-139*. 

Leaf,  accumolation  of  mlneral 
matter  in,  166. 

Leaf-arrangement,  *140,*141,  »142, 
•143. 

Leaf-bases,  *132. 

Leaf-budB,  122,  123. 

Leaf,  fall  of,  176,  176. 

Leaf-like  stems,  78,  70,  »Sl. 

Leaf-margins,  *132. 

Leaf-mosaics,  142,  *143. 

Leaf-outlines,  *131. 

Leaf-sections,  »löl,  •164. 

Leaf-spine,  •348. 

Leaf-«talk,  130. 

Leaf-tendril,  ^138. 

Leaf-tipe,  •131. 

Leaf-traces,  166. 

Leaves  as  insect-traps,  ^342,  «343. 

Leaves,  Compound,  ^137,  •138, 139. 

Leaves  cuttiug,  360,  *361. 

Leayes,  diyided,  143. 

Leaves,  functions  of,  166-174. 

Leaves,  movemente  of,  •144,  ^146, 
•146. 

Leaves,  simple,  137. 

Leaves,  structure  of,  160-168*. 

Legume,  223. 

Lemon,  study  of,  217,  218. 

Lenticels,  104. 

Leucoium,  poUen  tube  with  gener- 
ative cells,  «214. 

Lianas,  *73. 


Liehen,  232. 

Lichenes,  232. 

Lichens,  nature  of ,  273,  274. 

Lichens,  study  of,  270-273* 

Light,  ezposure  to,  140-149*. 

Light,  movemente   towarda,   148, 

149. 
Lignin,  171,  172. 
Lily  leaf,  160. 
Lily,  poUen  grains  producing  tubes 

on  Stigma,  *214. 
Limb  of  calyx  or  corolla,  200. 
Lime,  166. 

Linden,  fruit  Cluster  of,  •377. 
Linden  fruit,  *377. 
Linden  wood,  structure  of,  *100. 
Linear,  »131. 
Liverworte,  277-281». 
Living  parte  of  the  stem,  104, 106. 
Lobe,  201. 
Locules,  203. 
Locust,  pinnately  Compound  leaf 

of,  •138. 
Locust,  thom-stipules  of,  360. 
LufEa,  86. 
Lupine,  white,  8. 
Lycopodiales,  232. 
Lycopodium,  study  of,  291,  «292. 

Macrospores,  291,  ^302. 

Macrosporophyll,  302. 

Magnolia,  forking  of,  »70,  •71. 

Mahogany  wood,  structure  of ,  «101. 

Maldive  nut,  381. 

Mallows,  pollination  in,  864. 

Malt,  13. 

Maltose,  116. 

Mangrove,  ♦319. 

Maple  fruit,  ^223. 

Maple  leaf,  134. 

Marchantla,  study  of,  278-281» 
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Marestail,  air-passages  of,  *173. 
Mechanics    of    monocotyledonous 

Sterns,  «84,  85. 
Medullary  ray,  46,  »lOl. 
Melon,    palmately     netted-veined 

leaf  of,  *133. 
Melon-cactus,  78,  *S0. 
Messmates,  340. 
Mesophytes,  317,  318. 
Mesqaite,  root-system  of,  48. 
Metabolism,  165-176. 
Metabolism,  digestive,  172. 
Micropyle,  6. 

Microsphsera,  study  of,  263,  264. 
Microspores,  *302. 
Microsporophyll,  302. 
Midrib,  »133. 

Mildews,  powdery,  263,  «264. 
Mimicry,  347,  348. 
Mineral  matter  accumulated  in  the 

leaf,  165. 
Mistletoe,  337. 
Modifled  leaves,  121. 
Moistare-plants,  311-313. 
Monadelphoiis,  202,  «204. 
Monocotyledonous  plants,  34,  233. 
Monocotyledonous  stems,  «83,  «84, 

♦86,  86. 
Monocotyledonous  stems,  growth 

of,  in  thickness,  85,  86. 
Monocotyledonous  stems,  rise  of 

water  in,  «110. 
Monocotyledons,  233. 
Moncecious,  200. 
Monotropa,  169. 
Moming-glory,  rate  of  increase  of, 

390,  391. 
Morphology,  1,  33. 
Moss,  study  of,  281-285. 
Mosses,  281-285«. 
Moths,  «361,  362. 


Mould,  black,  study  of,  257,  258, 

259. 
Movement  of  water  in  plants,  107, 

♦108,  «109,  «110,  111,  112,  118. 
Movements  of  floral  organs,  «365, 

«366. 
Movements  of  leaves,  «144,  «145, 

«146. 
Movements  toward  light,  148. 
Mucronate,  «131. 
Mulberry,  «226. 
Mullein,    hairs    from    corolla    of, 

«361. 
Multiple  fruits,  «226. 
Multiple  primary  roots,  14. 
Musci,  232. 

Mushroom,  study  of,  264-266*. 
Mutilated  seedlings,  growth  of,  14. 
Mycelium,  257,  «258. 
Mykorhiza,  342. 
Myrsiphyllum,  79,  «81. 
Myxogasteres,  232. 
Myxotballophytes,  232,  233. 

Naked  buds,  121. 

Nasturtium  leaves,  starch  in,  «170. 

Natural  selection,  394,  395. 

Nectar,  356. 

Nectar-glands,  356. 

Nectar-guides,  368. 

Nectaries,  367. 

Negundo,  radial  and  cross-sections 

of  stem  of,  «89. 
Nemalion,  study  of,  263,  254,  «255. 
Netted-veined,  «133. 
Nettle,  stinging  hair  of,  «184. 
Nightshade,  leaf  of,  «349. 
Nitella,  study  of,  247-260. 
Nitrogen,  171,  340. 
Noctumal  position,  «144,  «145. 
Node,  31,  32,  83. 
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Nucleufi,  178. 

Nucleus  of  root^halr,  *49. 

Nut,  »222,  223. 

Nutrient  subetonces,  168,  169,  171. 

Nutrition  of  Planta,  166-176, 

Oak  leaves,  arrangement  of ,  *140. 

Oat,  rootrsystem  of,  48. 

Obovate,  »ISl. 

Obtuse,  *131. 

Odors  of  flowers,  357. 

Offensive-smelling  plante,  362. 

Oil,  21,  22. 

011,  easential,  24. 

Oil,  extraction,  22. 

Oil,  testing  seeds  for,  21,  22. 

Onion,  bulb  of,  77. 

Onion  leaf ,  section  of,  *79. 

Onion,  structure  of,  116. 

Onion,  teste  for  food-materials  in, 

116,  117. 
Oögonia,  «261. 
Oöephere,  »249,   *2öl,  280,  »284, 

286. 
Oöspore,  247,  249. 
Opposite,  *6ö,  »140,  *U\,  »142. 
Orbicular,  •131. 
Orchid,  aerial  roots  of  an,  *37. 
Order,  230. 

Organs,  easential,  *197. 
'Organs,  vegetative,  30. 
Oscillatoria,  study  of ,  239,  240. 
Osmosis,  60-64. 
Osmosis  in  an  egg,  60,  *61. 
Osmosis  in  root-hairs,  63,  64. 
Ovary,  201,  202,  *203,  «206. 
Ovate,  »131. 
Ovoid,  egg-shaped. 
Ovule,  202,  »203. 
Ovula,  spruce,  fertilized,  *303. 
Ovule,  stmcture  of,  ♦216. 


Ozalis  leaf,  development  of ,  *127. 
Oxidation,  11,  12. 
Oxygen,  11,  12,  166,  167,  168. 
Oxygen-making,  167,  168. 

Palisade-celLs,  «161. 

Palmate,  •138. 

Pampas  region,  393. 

Panicle,  »189,  190. 

Panicum,  »381. 

Pansy,  leaf-like  stipules  of,  *136. 

Papilionaceous  corolla,  *199. 

PapillsB  on  Stigma  of  a  lily,  •214. 

Paraphyses,  261,  •262. 

Parasites,  39,  336-338. 

Parasitic  roots,  39,  •40. 

Parenchyma,  94. 

Parietal  placenta,  203,  ^206. 

Parsnip  root,  study  of ,  46,  46. 

Pea  seed,  8. 

Pea  seedling,  mutilated,  14. 

Pea  seedling  on  clinostat,  68. 

Peat  bogs,  327. 

Peat  moss,  ^327. 

Pedicel,  •186,  187. 

Peduncle,  ^186,  187. 

Peg  of  squash  seedling,  27. 

Pepo,  224. 

Perennial,  47,  71. 

Perfect,  198. 

Perianth,  ^197. 

Pericarp,  224. 

Perigynous,  204,  •206. 

Perithecia,  263. 

Permanganate  test,  28. 

Petal,  197.       • 

Petiole,  130,  134. 

PhsBopbycesB,  232. 

Phanerogams,  231,  233. 

Phanerogams,  classes  of ,  233. 

Phosphorus,  166. 
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Phycoinycetes,  232. 

Phyßcla,  270-273. 

Physiology,  vegetable,  l. 

Pigeon-wheat  moas,  study  of,  281- 
286. 

Püeus,  *2My  266. 

Pine,  seedling,  «33. 

Pine  wood,  •94. 

Pinn»,  leafleto  of  a  pinnately  Com- 
pound leaf ,  138. 

Pinnate,  »133. 

Pinnules,  «288. 

Pistil,  »lOT,  201,  202,  «203. 

Pistil,  parte  of ,  «208. 

Pitcher-plant,  »840. 

Pith,  »83,  »87,  »88,  »89. 

Placenta,  203,  *206. 

Plankton,  333. 

Plant  colonies,  310. 

Plant  formations,  310. 

Plant  physiology,  deflnition  of,  1. 

Plant  societiea,  307-823,  ♦312,  »322. 

Plante  of  uneatable  texture,  348. 

Plante,  claases  of,  in  relatlon  to 
economy  of  water,  311. 

Plante,  destruction  of,  by  anhnals, 
346. 

Plante,  earliest  appearance  of,  298. 

Plante,  mimicry  by,  347,  348. 

Plasmolysis,  62,  63. 

Pleurococcus,  study  of ,  244,  246. 

Plunmle,  7. 

Pod,  219,  223. 

Poisonous  plante,  362. 

Poisonous  seeds,  24. 

Poisons,  plante  containing,  362. 

Pollarded  trees,  128. 

Pollen,  201,  211,  *212. 

PoUeu-carrying  apparatns,  366, 
366. 

Pollen,  discharge  of,  «211. 


Pollen  grains,  *212. 

Pollen    grains,    number   of,    per 

ovule,  216. 
Pollen,  protection  of,  from  viflitors, 

360-362. 
Pollen,  protection  of,   from  rain, 

♦371,  372. 
Pollen  tubes,  212,  213,  ^214. 
Pollination,  363-^365. 
Polypetalous,  201. 
Polysepalous,  201. 
Polysiphonia,  266. 
Polytricbum,  281-286. 
Pome,  224. 

Pond-flcum,  study  of,  241-244^. 
Potash  in  bay,  166. 
Potato  tuber,  76,  ^78,  114-116. 
Prickle,  ♦349. 
Prickly  leaves,  ♦349. 
Prickly  pear,  ♦316. 
Primary  root,  36. 
Primrose,  pollination  in  flowers  of, 

♦366,  367, 
Procambium,  ♦96. 
Prosencbyma,  94,  96. 
Propagatlon,  by  root,  61. 
Propagation,     means    of,    among 

cryptogams,  378. 
Propagation  of  plante,  373-386^. 
Protection  of  plante  from  animals, 

346-^362. 
Protection  of   pollen    from    rain, 

♦871,  372. 
Proteids,  22,  2.3. 
Proteids,  teste  for,  23. 
Prothallium,  287,  ^289. 
Protococcuß,  ♦244. 
Protonema,  283. 
Protoplasm,  62,  178. 
Protoplasm,  characteristics  of,  181, 

182. 
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Protoplasm,  circulation  of,  ♦184, 

186. 
Protoplasm,  continuity  of,  146. 
Pteridophytes,  232. 
Pteridophytes,  remarks   on,    286, 

295-207. 
Puccinia,  study  of,  269-262«. 
Pulvini,  146,  »Ua. 

Race,  230. 
Raceme,  «186. 
Raspberry,  «374. 
Ray,  meduUary,  46. 
Ray-flowere,  188,  «189. 
Receptacle,  199. 
Red  clover,  leai  of ,  «144. 
Regions  of  Vegetation,  324. 
Regulär  flowers,  198. 
**  Reindeer  moss,"  274. 
Reproduction  in  algae,  266. 
Reproduction  in  fems,  287,  «288, 

«289,  291. 
Reproduction  in  flowering  plants, 

212-216«. 
Reproduction  in  fang!,  «268,  «269, 

«260,    «261,    «262,    «266,    «266, 

«268,  «270. 
Reproduction    in    moming-glory, 

390,  391. 
Reproduction  in  mosses,  «284, 286. 
Resin  passage,  «93. 
Respiration,  172,  173. 
Retuse,  «131. 
Rhachis,  287,  «288. 
Rhizoids,  hairs  serving  as  roots  in 

mosses    and    liverworts,    «282, 

«289. 
Rhizopus,  study  of,  267,  268,  269. 
Rhodophyceae,  232. 
'hubarb  roots,  «47. 

^ng,  annual,  «100,  «101. 


Ringent,  «203. 

Rise  of  water  in  stems,  108-113. 

Rockweed,  study  of,  260-262«. 

Root,  36-61. 

Root,  adaptation  to  work,  69,  60. 

RooM5ap,  «42. 

Root-climbers,  «39,  73. 

Root,  dicotyledonous,  section,  «44. 

Root,  elongation  of,  30,  31. 

Root,  exogenous,  «44. 

Root,  fleshy,  45,  46,  «47. 

Root^hair,  31,  «32,  «49,  60. 

Root-pressure,  64,  «66. 

Root-section,  «42,  «44. 

Root-sheath  or  root-pocket,  37. 

Root^system,  47,  48. 

Roots,  absorbing  surface  of,  49, 

.    60. 

Roots,  absorption  and  temperatore, 

65,  66. 
Roots,  adventitious,  36. 
Roots,  aerial,  36,  «37,  «38,  «39. 
Roots,  brace-,  «38. 
Roots,  fascicled,  «41. 
Roots,  fibrous,  «41. 
Roots,  gi'owth  of,  30,  31. 
Roots,  hemlock,  lateral  extension 

of,  «60. 
Roots,  movements  of  young,  56, 

«67,  «58,  69. 
Roots,  parasitic,  39,  «40. 
Roots,  primary,  36. 
Roots,  propagation  by,  61. 
Roots,  selective  action  of,  64. 
Roots,  soil-,  36. 
Roots,  storage  of  nourishment  in, 

46,  «47. 
Roots,  structure  of,  41-46. 
Roots,  water,  37. 
Rootßtock,  75,  «76,  «77. 
Rotation  of  protoplasm,  «184,  186. 
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Round-leafed  mallow,  stamens  and 

pUtils  of,  364. 
Russian  thistle,  «379. 
Ruasian  thistle,  spread  of,  394. 
Rost,  259. 

Rust,  wheat,  study  of,  269-262«. 
Rye  grass,  76. 

Sage,   poUination   in   flowexs   of, 

♦366,  ♦366. 
Sago-palm,  113. 
Salver-Bhaped,  «202. 
SalYinia,  «302. 
Sap,  descent  of,  «109,  110. 
Sap,  rise  of,  107,  108,  «109. 
Saprophytes,  169,  269. 
Sapwood,  105. 
Scalloped,  «132. 
Schizomycetes,  232. 
Schizopbyce»,  232,  «238. 
Scirpus,  cross-section  of  stein  of, 

♦84. 
Sclerenchyma,  84. 
Scouring-rush,  study  of,  292-296«. 
Seasonal  plants,  311. 
Secondary  growth,  «96,  «97,  «100. 
Secondary  root,  36. 
Secondary  roots,  dlrection  of ,  59. 
Sections,  leaf,  «161,  «164. 
Sections,  root,  «42,  «44. 
Sections,  wood,  «100,  «101,  «102. 
Sedge,  rootstock  of,  «76. 
Seed,  6-24. 
Seed-leaf,  «6,  7. 
Seedlings,  26-36. 

Seedlings,  mntilated  growth  of,  14. 
Seed-plants,  231,  233. 
Seed-plants,  classes  of,  233. 
Seeds,  containlng  poisons,  24. 
Seeds,  dispersa!  of,  377-386«. 
Selection,  natural,  395. 


Selective  absorption,  53,  54. 

Self-pollination,  363. 

Sepal,  197. 

Separated  flowers,  199,  200,  «201. 

Sequoia,  «66,  71,  «106.  . 

Series,  plants  form  a,  300. 

Serrate,  «132. 

Sexual  generation,  278. 

Shade  plants,  «321. 

Shoot,  30. 

Shrubs,  69,  70. 

Sieve-cells,  «93,  110. 

Sieve-plate,  «98. 

Sieve-tubes,  «93. 

Silica,  166,  241,  294. 

Simple  leaves,  137. 

Simple  pistil,  202. 

Simple  umbel  of  cherry,  «187. 

Sinuate,  «132. 

Sleep  of  leaves,  «144,  «146. 

Slime-fungi,  232. 

Slime  moulds,  178,  «179,  180,  181, 

•236,  237. 
"  Smilax,"  79,  «81. 
Snowflake,   poUen   tube  of,  witb 

generative  cells,  «214. 
Solomon*s  seal,  parallel-yeined  leaf 

of,  «136. 
Soredia,  271. 
Sorl,  261,  287,  «288. 
Spatulate,  «131. 
Species,  229. 
Spermagones,  271. 
Spermatia,  271. 
Spike,  188. 

Spine,  «347,  «348,  «360. 
Spiral  yessel,  «92. 
Spirogyra,  study  of,  241,  242,  «248, 

244. 
Sporangium,  287,  «288. 
Spore,  236,  «236. 
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Spore-capsules,  281. 
Spore-cases,  «268,  «260. 
Spore-fruitÄ,  •264. 
Spore-plants,  231,  232. 
Spore-planU,  clasaes  of,  232. 
Spore-sacs,  263,  270,  273. 
Spores  of  slime  moulds,  180. 
Sporophyll,  294. 
Sporophyte,   281,  *282,  284,  286, 

280,  291. 
Spruce,  fertilized  ovule  of,  *80S. 
Squash  seed,  6,  6. 
Squash  seed,  aection,  *6. 
Squash  seedling,  26-27. 
Stamen,  ♦197,  201,  202,  «203. 
Stamen,  parta  of,  »203. 
Standard,  *199. 
Starch,  17-20,  »lO. 
Starch  disappears    during  germi- 

nation,  21. 
Starch  in  leaves,  169,  »170. 
Starch-making,  rate  of,  170,  171. 
Starch,  testing  seed  for,  18. 
Stern,  30-117. 
Stern,  deftnition  of,  62. 
Stern,     dicotyledonouB,     annual, 

gross  structore  of,  86,  «87. 
Stern,      dicotyledonous,      minute 

structure  of,  86-98*. 
Stern,  early  history  of,  •06,  06. 
Stern,  functions  of  cells  of,  106, 

106,  107. 
Stern,  modifiabllity  of ,  70-82». 
Stern,  monocotyledonoofl,  •83,  ^84, 

•85,  86. 
Stern,  structure  of,  83-103^. 
Stemless  plants,  ^72,  73. 
Sterns,  62-118. 
Sterns,  climbing,  74,  •76. 
Sterns,  storage  of  food  in,  113-116. 
Sterns,  twining,  •76. 


Stem-stmcture,  early  history  of, 
•06,  06. 

Sterigmata,  •266. 

Sterllization,  238. 

Stigma,  201,  •2a3. 

Stigma,  structure  of,  213-216^. 

Stinging  hair,  ^184. 

Stipa,  crosa-section  of  roUed  and 
unrolled  leaves  of,  •318. 

Stipe,  ^264,  266. 

Stipules,  «136,  136. 

Stolon,  with  ups  rooting,  •374. 

Stomata,  104,  ^161,  •162,^163,^164. 

Stomata,  Operation  of,  168,  160. 

Stone-fruit,  224. 

Storage  of  food  in  the  root,  46,  •47. 

Storage  of  food  in  the  stem,  118- 
117. 

Strawherry,  »226. 

Struggle  for  existence,  387^04. 

Study  of  buttercup  flower,  106, 106. 

Study  of  lemon,  217,  218. 

Study  of  tomato,  217. 

Study  of  trillium  flower,  102,  103. 

Study  of  tulip  flower,  104,  106. 

Style,  201,  ^203. 

Sugar,  13,  116,  117,  168,  171, 172. 

Sugar,  formed  during  germination, 
13. 

Sugar-cane,  cross-section  of  a  bün- 
dle from,  •HO. 

Sundew,  ^341,  ^842,  343. 

Sun-planto,  ^321. 

Supemumerary  buds,  122,  •128, 
•124. 

Survival  of  the  Attest,  304,  806. 

Swarmspores,  180. 

Sweet  pea,  flowers,  •lOO. 

Symbiont,  340. 

Symbiosis,  273,  340. 

Symmetrical,  108. 
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Taper-pointed,  »131. 
Tftproot,  *4l, 
TeleutosporeB,  *262. 
Temperature  and  root-absorption, 

66,66. 
Temperature,  relation  to  gennina- 

tion,  9. 
Tcndril,  »ISS. 
Tendril  climbers,  *74. 
Terminal  bud,  68,  121,  122,  «124, 

♦125. 
Terminal  flowers,  186,  «191. 
Tertiary  root,  36. 
TesU,  6. 

Tetraspores,  «256. 
ThaUophytes,  232,  236--276. 
Thallophytes,  study  of,  237-273*. 
Thallus,  236,  260. 
Thermostat,  9. 
Thistle,  Russian,  «379,  894. 
Thoms  as  branches,  68,  *69. 
Thyme,  Stoma  of,  *168. 
Tickle-grass,  «381. 
"Timber  line,"  ♦329,  ♦830. 
Tissue,  94,  96. 
Tomato,  study  of,  217. 
Tracheids,  92,  93,  hi, 
Transition  from  stamens  to  petals, 

♦209. 
Transpiration,  166. 
Transpiration,  amount  of ,  164, 166. 
Transpiration,    measurement    of, 

169,  ^160,  161. 
Transportation  by  water,  880,  881. 
Trees,  69. 
Trees,  age  of,  71. 
Trillium,  study  of  flower  of,  192, 

193. 
Trimorphous  flowers,  367. 
TropsDolumleaf,  ♦182. 
TropsDoIum  leaves,  starchin,  ♦HO. 


TropsBolum,  petiole,  coiling  of  ,♦  76. 

Tropical  Vegetation,  324,  826. 

Tropophytes,  311,  818,  819. 

Truncate,  ♦LSI. 

Trunk,  ^66,  ^67. 

Tüber,  76,  ♦78. 

Tubercles  on  cloYer  roots,  ♦889. 

Tubulär  corolla,  ♦208. 

Tulip,  study  of  flower  of,  194,  196. 

Tumble-weeds,  378,  ♦379,  ^880. 

Turgescence,  184. 

Tumip,  seedling,  ♦82. 

Twayblade,    beetle  on  flower  of, 

♦369. 
Twigs,  study  of ,  62-64. 
Twiners,  74,  ^76. 
Twining,  rate  of,  74,  76. 
Types,   Order  of   appearance   of, 

29a-806. 

Umbel,  ♦187. 

Umbellet,  190. 

Underground  stems,  76,  ♦76,  ^77, 

♦78,  ^79. 
Uneatable  plants,  348. 
Union  of  pistils,  202,  208. 
Union  of  stamens,  201,  202. 
Uredospores,  261,  ♦262. 
Usnia,  ^271. 

Vacuole,  contractile,  180. 

Variety,  229,  280. 

Vaucheria,    study    of,  246,  ^246, 

247. 
Vegetable  physiology,  1. 
Vegetation,  alpine,  828,  ^829,  ♦830, 

♦381. 
Vegetation,  aquatic,  882,  888. 
Vegetation,  arctic,  827,  ♦828. 
Vegetation,  regions  of,  824. 
Vegetaüon,  tP' *-   *'"'^.  326. 
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Vegetation,  tropical,  824,  325. 
Vegetative  organs,  30. 
Vein,  130,  ♦133,  ♦136. 
Veining,  ♦133,  »136. 
Venation,  *133,  134,  136,  ♦136. 
Venus  flytrap,  ^343,  344. 
Vernation,  125,  ^126,  127. 
Vertically  placed  leaves,  146,  ^147, 

148. 
Vessel,  ♦92,  106. 
Volva,  ^265. 

Water,  abeorption  by  roots,  53-55. 
Water,   amount  trauspired,    159- 

165. 
Water,  course  througb  leaf,  163, 

164. 
Water,  excretion  of,  172,  173. 
Water,  movement  of,   107,  ♦lOS, 

♦109,  ♦HO,  111,  112,  113. 
Water,  relation  to  germination,  10. 
Water-lily,     wbite,     insertion    of 

floral  Organs,  ^205. 
Water-lily,  wbite,  transitions  from 

petals  to  stamens  in,  ♦209. 
Water  roots,  37. 
Weapons  of  plante,  349-351^. 
Wedge-shaped,  ^131. 
Weeds,  387-390. 
Weeds,  study  of,  388,  389. 
Wbeatr-grain,  section  of,  ^19. 


Wbeat  mst,  stady  of ,  259-262^. 

Wbeel-shaped,  ♦202. 

Whorled,  ♦293,  294. 

Willow,  adventitious  buds  of,  128. 

Willow,  arctic,  ♦328. 

Willow,  flowers  of,  ♦201. 

Wüüng,  111. 

Wind-poUination,  354. 

Windsor  bean  sprouting  over  mer- 

cury,  56,  ♦57. 
Winged  fruits,  377,  ♦378. 
Wings,  ♦199. 
Wood,  coniferous,  stractore  of ,  92, 

♦93,  ♦94. 
Wood  of  linden,  ♦lOO. 
Wood  sections,  ♦lOO,  ♦lOl,  ^102. 
Wood,    structure    of,    ♦OS,   ♦lOO, 

♦101. 
Wood-cell,  ♦SO,  ^91,  ♦lOl. 
Wood-parencbyma,  94. 

Xantboria,  ^271. 
Xeropbytee,  311,  313-317^ 

Yarrow,  head  of,  ^189. 
Yeaat,  study  of,  266-270,  ^268. 
Yuoca,  335. 

Zones,  Vegetation  of,  324-328. 
Zoöepores,  236,  ♦244. 
Zygospores,  236,  ♦243,  ^259. 
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PREFACE 

This  floi*a  furnishes  a  key  to  tbe  commoner  spring-flower- 
ing  families  of  Phanerogams  and  descriptions  of  tbe  charac- 
teristics  of  these  families,  together  with  such  genera  and 
species  under  eaeh  as  seem  most  available  for  scbool  study  in 
tbe  central  and  nortbeastern  states.  The  descriptions  bave 
been  in  part  compiled  by  tbe  author  from  various  sources, 
and  in  part  written  witb  tbe  plants  tbemselves  in  band.  The 
cbaracterizations  of  many  families  and  of  some  genera  are 
taken  witb  sligbt  simplifications  from  Hooker's  StudenVs 
Flora  of  the  British  Islands ;  a  few  are  from  Warming's 
Systematic  Botany,  Tbe  remainder  are  mostly  adapted  from 
tbe  floras  of  Gray  and  Wood,  from  Sargent's  Silva  of  North 
America,  and  from  Britton  and  Brown's  illustrated  Flora  of 
the  Northern  States  and  Canada. 

The  sequence  of  tbe  families  (and  sometimes  tbe  genera 
under  their  respective  families)  is  based  on  Engler's  Syllahus 
der  Pßanzenfamilien,  wbicb  bas  also  been  followed  as  regards 
nomenclature  of  families.  In  other  regards  tbe  sixth  edition 
of  Gray's  Manual,  and  Bailey's  revision  of  Gray's  Fteld,  Forest, 
and  Garden  Botany  bave  been  followed  as  authorities.  Valu- 
able  Information  concerning  tbe  precise  time  of  flowering  of 
many  species  bas  been  derived  from  Darlington's  Flora  Cestrica 
and  Ward's  Guide  to  the  Flora  of  Washington  and  Vicinity, 

By  arrangement  witb  Professor  S.  M.  Tracy  a  considerable 
portion  of  tbe  key  and  a  large  number  of  tbe  following 
descriptions  bave  been  copied  (a  little  simplified)  from  bis 
Flora  of  the  Southeastem  States  ;  these  are  designated  by  an 
asterisk  at  tbe  end  of  eacb  description. 
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2  PREFACE 

Especial  acknowledgments  are  due  to  Professor  Benjamin 
L.  Robinson,  Director  of  the  Gray  Herbarium  of  Harvard 
University,  who  has  given  most  valuable  advice  and  has 
revised  the  manuscript  of  the  keys  and  flora,  thus  contribut- 
ing  greatly  to  any  value  which  tbey  may  be  found  to  possess. 

Mucb  aid  has^been  derived  from  tbe  careful  proof-reading 
of  Professor  J.  M.  Holzinger  of  tbe  Minnesota  State  Normal 
Scbool,  Professor  L.  H.  Pammel  of  the  Iowa  State  College, 
and  Miss  Mary  P.  Anderson  of  the  Somerville,  Mass.,  English 
High  School.  The  author  wishes  heartily  to  thank  these 
eritics  for  the  many  errors  which  they  have  corrected  and 
the  valuable  additions  which  they  have  suggested. 

The  territory  covered  overlaps  that  dealt  with  by  Professor 
Tracy  in  the  flora  above  cited,  and  nearly  meets  that  embraced 
in  Miss  Eastwood's  Flora  of  the  Rocky  Mountains  and  the 
Salt  Lake  Basin,  since  many  of  the  species  treated  in  the 
present  work  ränge  west  as  f  ar  as  the  hundredth  meridian. 

The  plants  chosen  to  constitute  this  flora  are  those  which 

bloom  during  some  part  of  the  latter  half  of  the  ordinary 

school  year,  and  which  hav^  a  rather  wide  territorial  ränge. 

Enough  forms  have  been  described  to  aiford  ample  drill  in 

the  determination  of  species.     Gray's  Manual  of  Botany  or 

Field,  Forest,  and  Garden  Botany  will  of  course  be  employed 

by  the  Student  who  wishes  to  become  familiär  with  moßt  of 

the  seed-plants  of  the   region   here  touched  upon.      Those 

species  which  occur  in  the  central  and  northeastem  United 

States  only  as  cultivated  plants  are  so  designated.     The  illus- 

trations  are  mainly  redrawn  from  German  sources.     A  few 

of  them  are  the  work  of  Mr.  E.  N.  Fischer  of  Boston,  but 

the  greater  portion  are  by  Dr.  J.  W.*Folsom  of  the  Illinois 

Industrial  üniversity. 

J.  Y.  B. 

Cambridge,  Mass.,  January,  1901. 


HOW   TO   USE  THE  KEY  AND   FLORA 


Is  Order  to  determine  an  unknown  species,  the  Student  is 
iirst  to  make  a  careful  examination  of  the  plant  in  hand. 
After  noting  in  a  general  way  the  appearance  of  the  root, 
stem,  and  leaf,  including  a  cross-section  of  the  stem,  he 
should  study  the  number,  coherence,  and  adnation  of  the 
parts  of  the  flower,  then  make  and  draw  a  cross-section  and 
a  lengthwise  section  of  it.  Irregularities  in  calyx  or  coroUa, 
peculiarities  in  the  shape,  structure,  or  Operation  of  the  essen- 
tial  Organs,  such,  for  instance,  as  anthers  discharging  through 
chinks  in  the  end,  should  be  noted. 

Next,  the  inquirer  should  look  carefuUy  through  the  Key 
to  the  families.  He  is  first  to  decide  whether  the  plant  in 
question  is  a  Gy mnosperm  or  an  Angiosperm ;  if  not  a  conif- 
erous  tree  or  shrub,  it  will  of  course  belong  to  the  latter 
division.  He  is  then  to  settle  the  question  whether  it  is  a 
Monocotyledon  or  a  Dicotyledon ;  then  under  what  division  of 
the  group  the  plant  comes ;  and,  finally,  to  decide  upon  its 
family. 

Turning  now  to  the  page  at  which  the  family  is  described, 
a  rapid  inspection  of  the  characteristics  of  the  genera  will 
make  it  evident  to  which  one  the  species  under  examination 
belongs.  It  may  not  infrequently  prove  that  none  of  the 
genera  described  agree  with  the  plant  studied,  and  in  that 
case  the  student  must  either  consult  a  larger  flora  or  rest 
satisfied  with  having  determined  the  family  to  which  his 
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specimen  belongs.^  The  Identification  of  the  species,  after 
the  genus  has  been  reached,  presents  no  difficulty  in  a  little 
ilora  like  the  present  one. 

The  author  does  not  believe  in  spending  much  of  the  time 
of  a  class  upon  identifying  species,  but  would  rather  recom- 
mend  comparative  studies  of  as  many  plants  of  a  group  as 
are  accessible,  and  making  these  studies  thorough  enough  to 
bring  out  fully  the  idea  of  the  family,  the  genus,  and  the 
species.*  The  descriptions  in  this  flora  may  be  used  as  a 
check  on  the  cruder  ones  which  the  pupil  is  first  to  frame  for 
himself. 

1  It  wiU  greatly  simplify  mattere  if  tlie  teacher  selecta  for  examination  only  such 
species  as  are  here  described. 

*  The  teacher  will  find  abundant  suggestions  for  such  a  course  in  Spalding'a 
Iniroduciwn  to  Botany^  pp.  162-200. 


KEY  TO  THE  FAMILIES  OF  FLOWERING  PLANTS 
DESCRIBED   IN   THIS   FLORA 


CLASS  I 

6YMN0SPBRMS.    Omles  not  enclosed  in  an  ovary. 

Trees  or  Bhrube.  Leaves  uBually  erergreen  and  needle-ehaped,  awl-flbaped,  or 
scale-like.  Flowers  monoecious  or  diceciouB.  Fruit  a  scaly  cone,  or  sonietimes 
appearing  berry-llke.  1.  pine  Family,  page  13 

CLASS  II 

AN6I0SPERMS.    Orules  enoloeed  in  an  oyary. 

SÜBCLASS   I.  —  MONOCOTYLEDONS.    Flower«  uBnally  wlth  tbeir  parts 
in  threes,  neyer  in  flvea.    lueayes  usnally  parallel-yeined.    Cotyledon  1. 

Flowers  enclosed  by  chaffy  bracts.  famu^y  paok 

Flowers  2-bracted.    Leaves  2-ranked.    Stem  cylin- 

drical 4.  Grass 23 

Flowers  1-bracted.    Ije&ve»  3-ranked.    Stem  trian- 
gulär      6.  Sedge 23 

Flowers  on  a  spadix. 

Spadix  Blender,  bairy,  and  brlstly 2.   Cat-tail 20 

Spadix  flesby    .    .    / 6.  Arum 23 

Flowers  not  on  a  spadix. 
Carpela  usually  numerous  and  nearly  or  entlrely 

separate 3.  Water-plantain     .  21 

Carpels  united. 
Periantb  free  or  adnate  only  to  tbe  base  of  tbe  ovary. 

Periantb  regulär,  its  parts  8imilar.green,or  chaffy     9.  Bush 29 

Perlanth  of  2  sets,  one  sepal-like,  tbe  otber  petal- 
llke. 
Style  and  Stigma  1.   Petala  3  or  2,  soon  disap- 

pearlng 7.  Spiderwort   ...  26 
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Styles  or  8tigmM  3,  »epftrate.    Petata  3,  Iwting  familt  pao« 

seyeral  day«.    Leaves  netted-veined     ....     10.   (TrilUum)  Lily  .     29 
Style  1,  Stigma  3-lobed,  or  d-toothed. 
CoroUa  irregulär.    Aquatic  herbe  with  par- 

allel-velned  leavea 8.  Pickerel-weed  .     28 

Perianth  regulär,  ita  dlTisions  all  alike,  or  nearly 

BO,peUl-like 10.  Lüy 29 

Perianth  adnate  to  the  ovary. 

Antheraö H.  Amaryllis  .    .    .     42 

AnthersS 12.  Iris 45 

Antheralor'i 13.  Orchis    ....     4« 

SUBCLASS  II.  —  DICOTYLEDONS.     Flower»  usually  wlth  their  paru  in 
flvee  or  fours.    Leaves  netted-veined.    Cotyledons  2. 

I.    ApetalOOS  Division.    Flowers  without  a  corolla  or  without  elther  calyx  or 
corolla.1 

A. 

FJowers  moncecious  or  dioBciouB,  one  or  both  sortB  in 
catkins. 
Staminate  flowers  in  catkins,  the  pistUlate  ones  soli- 
tary  or  clustered. 

Leaves  pinnately  Compound lö.   Walnut  ....     49 

Leaves  simple ...     18.   Beech     ....     56 

Both  kinds  of  flowers  in  catkins. 
Leaves  alternate. 
Ovaries  in  fruit  becoming  fleshy  and  combining 

into  an  aggregate  fruit 20.   Mulberry   ...     61 

Fruit  l.«eeded,a8tone-fruitorminutenut.  Aro- 

maticshrubs 15.  Baybeiry  ...    49 

Fruit  a  capeule,  seeds  with  silky  hairs    ....     14.   Wlllow  ....     47 
Fruit  a  roJnute  nut  or  akene.  Moetly  large  shrube 

or  trees,  not  very  aromatic 17.  Birch 51 

Leaves  opposite,  small  parasitic  shrubs      ....     22.   Mistletoe    ...     03 

B. 

Flowers  not  in  catkins,  both  calyx  and  corolla  wauting     44.   Sycamore  .    .    .   105 

1  When  only  one  floral  envelope  is  present,  this  is  said  to  be  the  calyx  and  the 
corolla  ia  oonsidered  to  be  missing. 
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C.  FAMILY  PAGE 

Flowers  not  in  catklns ;  calyz  present,  Bonietimes  petul-like. 
Trees  or  Bhrubs. 
Flowera  not  hypogynouB  ;  plante  not  climbing     .    .  73.   DogWOOd      .    .    .   162 
Flowers  not  hypogynous  ;  climbing  plants   ....  24.   Dutcbman^S  Pipe     64 
Flowers  hypogynoos. 

Style  Single,  not  cleft,  fruit  a  key.    (Fraxivu»)     .  78.   Olive 175 

Style  Single,  not  deft,  fruit  a  stone-fruit  .    .    .    .37.  Laurel 88 

Styles  2  or  2^1eft,  fruit  1-celled 10.   Elm 60 

Styles  2  or  2^1eft,  fruit  2-celled 58.   Maple 140 

Styles  3,  each  2-cleft.    Orary  3-celled ö3.  Spurge     ....   135 

Herbs. 

Flowers  not  hypogynous ;  oTary  6-celled 24.  Dutckluail^S  Pipe     64 

Flowers  not  hypogynous ;  ovary  1-celled ;  flowers  in 

umbel-like  Clusters 23.   Sandal  wood    .    .     64 

Flowers  hypogynous ;  ovarj'  1-eelled. 

Stamensmany 32.  Buttercup    ...     77 

Stamens  few. 

Stlpnles  sheathing  the  joints 25.   Buckwheat.    .    .     QQ 

Stipulee  wanting. 

Bather  fleshy  herbs 26.   Goosefoot    ...     68 

Not  fleshy. 
Orules  on  a  free  central  placenta ;  delicate, 

soft-leaved  herbs.    {Stellaria) 30.    Pink 71 

Ovule  Single.  Tough,  with  awl-«haped  leaves. 

(Scleranthus) 30.   Pink 71 

«Jrary  several-celled. 
Small  prostrate  herb ;  leaves  spatulate.  whorled  .  28.   Ice-plant  ....     60 
Stipules  present,  not  sheathing. 

Style  Single 21.  Nettle 62 

S*yl«»  2 20.  Mulberry     ...     61 

Flowers  hypogynous,  ovary  3-celled 53.   Spurge      .    .    .    .135 

Flowers  hypogynous,  ovary  &-10-celled;  fruit  aberry  27.  Pokeweed    ...     69 

II.  Polypetalons  Division.  Calyx  and  coroUa  both  present,  the petals  not  united. 

A. 

Stamens  more  than  10. 

Trees,  shrubs,  or  woody  vlnes.    Leaves  alteruattr. 
Ovary  1,  simple. 
Fruit  a  stone-fruit 46.   Rose 105 
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Orary  1,  Compound ;  fruit  dry. 
Ovaryö-oelled.l-S-seededatmaturity .    .    .    . 

Oyary  3-celled,  mony-seeded 

Orary  IfCompoond;  fruit  fle«hy 

Oraries  numerous. 
Leayes  witli  stipules. 
Stamens  inserted  on  the  reoeptaole  .... 

Stamens  inserted  on  the  calyx 

Leayee  not  with  stipules. 

Small  treee 

Leares  opposite ;  fruit  dry. 

Ovary  Single,  3-5Hselled 

Ovaries  seyeral,  endosed  by  the  calyx  tube    .    . 
Herba. 

Orary  Single,  simple ;  fruit  a  berry 

Onuriet  seTeral,  simple. 

Stamens  inserted  on  the  reoeptacle 

Stamens  inserted  on  the  calyx 

Orary  Compound. 

Aquatic  herbe,  leayes  flat 

Marsh  herbs,  leayes  tubulär 

Terrestrial  herbs'. 
Orary  1-celled. 
Plaoent»  central,  Juice  watery     «    .    .    .    . 
Placentse  parietal,  Juice  milky  or  colored 

Piacent»  2,  parietal 

PlacentflB  3  or  more,  parietal. 

Leayes  altemate 

Leayes  opposite 

Leayes  apparently  wanting,  stems  fleshy  . 

'   Orary  seyeral-oelled,  stamens  monadelphous  . 

Chrary  3-celled,  stamens  not  much  if  at  all 

monadelphous,  stems  fleshy,  Juice  watery 

and  acid 


FAKILr 

63.  Linden   . 
68.  Begonia 
45.  Rose  .    . 


34.  Magnolia  . 
45.  Rose  .   .   . 


36.  Pawpaw    . 

43.  Saxifrage  . 
35.  Calycanthus 

33.  Barberry   . 

32.  Buttercup. 
45.  Rose  .    .   . 


PAGB 

.  146 
.  152 
.  105 


85 
105 

88 

101 

87 

84 

77 
105 


31.  Water-lily     . 
42.  Pitcher-plant 


29.  Purslane 
38.  Poppy  . 
40.  Caper     . 


75 
101 


70 


99 


41.  Mignonette  .  .  100 
65.  St  Johnswort  .  148 
69.  Cactus  ....  154 
64.  Mallow  ....  147 


68.  Begonia.    ...  152 


Stamena  not  more  than  10. 
Trees,  slirubs,  or  woody  yines. 
Pktiit  a  stone-frult. 
Stamens  2,  rarely  3-4  ..    . 


78.  Olive 176 


KEY  9 

Stamens  as  many  as  the  petals.  PAMiLr  paob 

Flowers  perfect. 
Stamens  4,  alternate  with  tbe  petals    ...     73.  DogWOOd    .    .    .162 
Stamens  6,  alternato  with  the  petals    ...     54.  Sumac    ....   137 

Stamens  4-fi,  oppoaite  the  petals 61.  Buckthom     .    .   143 

Fruit  a  berry. 
Stamens  alternate  with  the  petals. 
Inserted  on  the  calyx,  leayes  simple    ....     43.  Saxlfrage  .    .    .  101 
Inserted  on  a  dlslc  snrronnding  the  orary, 

leaves  Compound 71.  Ginseng     .    .    .   167 

Stamens  opposlte  the  petals 62.  Grape  or  Vine  .  145 

Fruit  a  S^ecded  capeule  or  a  key. 

Leaves  Compound 51.   Rue 133 

Fruit  a  3-5-celled  capsule,  flowers  small,  greenish, 

or  brown-purple,  leaves  simple 56.  Staff  Tree  .    .    .   189 

Fruit  5-lobed,  the  6  carpels  separating  vhen  rlpe, 
flowers  rather  large,  white,  or  of  showy  colors, 

leaves  simple 47.  Geranlum  .    .    .  120 

Fruit  a  l-3-cel1ed  capsule,  leavee  Compound,  flowers 

irregulär 50.  Buckeye    ...   142 

Fruit  a3-oelled  bladdery  capsule,  leaves  Compound, 

flowers  regulär 57. 'Bladder  Nut .    .   140 

Fruit  alegurae 46.  Pea  or  Pulse     .  117 

Herbs. 
Ovary  Single,  1-ceIled,  simple  or  Compound. 
Corolla  regulär,  or  nearly  so. 
Sepals  and  petals  4-5 ;  stamens  5, 10,  or  12,  dis- 

tinct. 
Leaves  alternate. 

Stigma  Single 46.  Pea  or  Pulse.    .  117 

Stigmas  4 43.  Saxifrage  ...  101 

Leaves  opposite,  punctate,  flowers  yellow    .    .     65.  St.  Johnswort   .   148 

Leaves  opposite,  flowers  white  or  red  ....     30.  Pink 71 

Sepals  and  petals  4-6 ;  stamens  5,  unlted    .    .    .     67.  Passion    Flower  151 

Sepals  2,  petals  4-6 29.  Purslane    ...     70 

Sepals  6,  stamens  hypogynous,  opposite  the  petals     33.  Barberry    ...     84 
Corolla  irregulär. 

Fruit alegume 46.  Pea  or  Pulse.    .  117 

Fruit  a  capsule. 

Stamens  6 66.  Violet     ....   149 

Stamens  6,  in  2  sets 38.  Poppy     ....     89 
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Ovary  Single,  2-6-celled,  fruit  dry.  famzly  PAOS 

Ornry  2-celled. 

Flowen  in  umbelB,  stamens  5 72.   Parslej     ....   158 

Flowers  not  in  umbels»  petals  4  or  0,  stainens  6  .  30.   Miistard  ....     93 
Flowers  not  in  umbels,  petals  3,  stamens  6  or  8  .  62.  Polygala  ....   134 

Ovary  a  4«elled  capsnle 70.  EveningPrimrose  156 

Orary  of  3  nearly  distinct  lobes,  which  beoome 

thick  and  fleshy  in  fruit 49.  In'dian  Cress  .    .   132 

Orary  a  6-celled  capeule. 
Leayes  simple. 
Parasitic  white  or  yellowish  herbs,  or  ever- 
green  herbs,  not  parasitic,  capsule  muny- 

Beeded 74.   Pyrola 164 

Terrestrial,  not  mach  if  at  all  fleshy,  capsule 

5-10-seeded 47.  Geranium    ...  129 

Terrestrial,  stem  fleshy  and  translucent,  cap- 
sule elastio,  several-seeded 60.  Balsam     ....   143 

Leaves  of  3  leaflets 48.   Wood-sorrel    .    .   181 

Orary  of  6  principal  cells,  each  more  or  lees  diyided 
by  a  partitlon  into  2  cells ;  seeds  flattish,  with  a 

mucilaginous  coating 50.  Flax 132 

Orary  Single,  2-5-oelled ;  fruit  a  berry 71,  Ginseng   ....   157 

Ovarles  2,  seeds  hairy-tufted 81.   Milkweed    .    .    .   180 

III.    GamopetalOOS  Division.    Calyx  and  oorolla  both  present,  the  petals  more 
or  less  uuited. 

Trees,  shrubs,  or  woody  Tines. 
Leaves  altemate. 
Fruit  Splitting  open. 

Fruit  alegume 46.  Pea  or  Pulse  .    .  117 

Fruit  a  5-celled  capsule 75.   Heath 166 

Fruit  not  Splitting  open,  a  stone-frult     .    .    .    .55.   Holly 138 

Fruit  a  berry. 

Ovary  not  adnateto  the  calyx;  seeds  few,large  77.   Ebony 174 

Ovary  not  adnate  to  the  calyx ;  seeds  many, 

small 88.  Nlghtflhade ...  198 

Ovary  adnate  to  the  calyx 75.   Heath 166 

Leaves  opposite. 

Fruit  a  2-celled,  2-seeded  capsule 05.   Madder    ....  212 

Fruit  a  2-celled,  many-seeded  capsule. 
Seeds  winged 00.  Bignonia.    ...  206 


KEY  11 

FAMILY  PAOX 

SeedB  not  winged ;  shmb« 96.   Hoiieysuckle     .  216 

Fruit  a  5Kselled  capsule 76.   Heath 166 

FVolt  a  8ton©-fruit  or  berry. 

Fruit  1-2-TOeded ;  Btamena  2 78.  Olive 176 

Fruit  l-4-«eeded ;  »taraens  4 86.  Verbena     .    .    .192 

Fruit  l-54eeded ;  Btamens  6 06.  Honeysuckle     .215 

Herbe. 
Orary  not  adnate  to  the  calyx,  flowers  regulär. 
Orary  separating  into  2  diBtinct  foUidefl. 

Style  Single,  stamens  diatinct 80.  Dogbane    .    .    .178 

Styles  2,  stamoDB  united 81.  Milkweed  ...   180 

Orary  1-celled. 

Fruit  a  legume 46.  Pea  or  Pulse      .   117 

Fruit  a  capsule. 
Leavee  altemate. 
Stamens  oppoBite  the  lobea  of  the  eoroUa    .     76.  Primro8C    .    .    .171 
Stamens   altemate  with  the  lobes  of  the 

corolla 84.  Waterleaf  ...  187 

Leaye« oppoBite .•    •    •    79.  Gentian .    ...  177 

Leayes  all  redueed  to  mere  »cale»,  plant»  neyer 

green,  root-paraaites 91.  Broom-rape  .    .  208 

Orary  2-«everal-celletl. 

Stamen8  2or4 94.   Plantain     ...  211 

StameuB  6,  cellB  o£  the  ovary  l-2-8eeded. 

Fruit  aeparatlng  into  4  nutlet» 86.  Borage   .    .    .    .188 

Fruit  a  capBule 82.   Moming-glory  .   183 

StomenB  6,  cells  of  the  ovary  »everal-Beeded. 

Stigma  1 88.  Nightahade   .    .  198 

Stigmas  3 83.  Phlox     ....  186 

Ovary  not  adnate  to  the  oalyx,  flowers  irregulär. 
Ovary  1-celled. 

Fruit  a  legume 46.  Pea  or  Pulse     .  117 

Fruit a capBule 92.  Bladderwort.    .  209 

Ovary  Ä-4-celled. 

Cells  each  l-seeded. 

Ovary  deeply  4-lobed 87.  Mint 193 

Ovary  not  deeply  lobed. 

Stamens  2  or  4 86.  Verbena    ...  192 

Stamens  8 62.  Polygala    ...  134 

Cell«  eaoh  2-«everal-seeded. 
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FAMILY 

Ck>rollii  lobes  imbricated  in  the  bud  ....     89.  Figwort .    . 
Corolla  lobes  convolute  in  the  bud  ....     93.  Acantbus  . 
Orary  adnate  to  the  calyx  tube. 

Flowers  In  an  involucrate  head 100.  Composite 

Flowers  not  in  heads. 
Stamens  3. 

Leayes  opposite 97.  Valezian 

Leayes  altemate 98.  Goord     .    . 

Stamens  4-£. 

LeaTes  altemate 99.  Campanula 

Leayes  opposite  or  whorled 95.   Madder  .    . 


PAOK 

.201 
.  210 

.  224 


220 
221 

223 
212 


CLASS  I.  — GYMNOSPERMS. 

Plants  destitute  of  a  closed  ovary,  style,  or  stigma.  Ovules 
generally  borne  naked  on  a  carpellary  scale,  which  forms  part 
of  a  coiie.     Cotyledons  often  several  (Fig.  1). 

1.   COmFKRM.     PiNE  Family. 

Trees  or  shrubs  with  wood  of  peculiar  structure  (Part  I, 
Ch.  VI),  destitute  of  ducts,  with  resinous  and  aromatic  juice. 
Leaves  generally  evergreen,  and  needle-shaped  or  awl-shaped. 
Flowers  destitute  of  floral  envelopes,  monoecious  or  dioBcious, 
the  staminate  ones  consisting  of  catkin-like  spikes  of  stamens 
and  the  pistillate  ones  consisting  of  ovule-bearing  scales, 
arranged  in  spikes,  which  ripen  into  cones. 


Each  Scale  of  the  cone  borne  in  the  axil  of  a  bract.      Seeds  IS,  with 
wings, 

Leaves  evergreen,  in  bundles  of  2-5.  Pinus,  I. 

Leaves  evergreen,  solitary,  sessile,  keeled  on  both  surfaces. 

Picea,  n. 
Leaves  evergreen,  solitary,  petioled,  flat.  Tsuga,  IIT. 

Leaves  solitary,  evergreen,  flat  above,  keeled  below.     Abies,  IV. 
Leaves  clustered,  deciduous,  flat.  Larix,  V. 

B. 

Scales  of  the  cone  without  hracts,  cone  hecoming  globular  and  woody, 
Leaves  linear. 
Leaves  alternate,  deciduouB.  Taxodium,  VI. 
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C. 

Scales  of  the  cone  few,  tcithout  bracts.     Leaves  evergreen,  generally 
scaleAike  or  awlshaped. 

Cones  dry  and  thin-scaled.  Thuya,  VII. 

Cones  berry-like.  Juniperus,  VIII. 

I.     PINUS,  Toam. 

Sterile  flowers  somewhat  resembling  inconspicuous  catkins, 
borne  at  the  base  of  the  young  shoot  of  the  season,  each 
flower  consisting  of  poUen-scales  in  spiral  groups  (Fig.  1,  !8). 
Fertile  flower-spikes  which  consist  of  spirally  arranged  carpel- 
scales,  each  scale  springing  from  the  axil  of  a  bract  and  bear- 
ing  at  its  own  base  two  ovules  (Fig.  1,  S).  Fruit  a  cone, 
formed  of  the  thickened  carpellary  scales,  ripening  the  second 
autumn  after  the  flower  opens.  Primary  leaves,  thin  and 
chaffy  bud-scales,  from  the  axils  of  which  spring  the  bundles 
of  2-5  nearly  persistent,  needle-like,  evergreen  leaves,  from 
1-15  in.  long  (Fig.  1). 

1.  P.  Strobus,  L.  White  Pine.  A  tall  tree,  75-160  ft.  high, 
much  branched  and  spreading  when  growing  in  open  ground,  but 
often  with  few  or  no  living  branches  below  the  height  of  100  ft. 
when  growing  in  dense  forests.  Leaves  clustered  in  fives,  slender, 
3-4  in.  long,  smooth,  and  pale,  or  with  a  whitish  bloom.  Cones 
5-6  in.  long,  not  stout.  The  wood  is  soft,  durable,  does  not  readily 
warp,  and  is  therefore  very  valuable  for  lumber.  In  light  soll,  com- 
monest  N. 

2.  P.  Taeda,  L.  Loblolly  Pixe,  Oldfield  Pine.  A  large 
tree ;  bark  very  thick  and  deeply  f  urrowed,  becoming  flaky  with  age, 
twigs  scaly.  Leaves  in  threes,  6-10  in.  long,  slender,  very  flexible ; 
sheaths  §-1  in.  long.  Cones  solitary,  oblong-couical,  3-5  in.  long ; 
scales  thickened  at  the  apex,  the  transverse  ridge  very  prominent 
and  armed  with  a  short,  stout,  straight,  or  recurved  spine.  Common 
and  often  springing  up  in  old  fields  ;  trunk  containing  a  large  Pro- 
portion of  sap  wood ;  timber  of  little  value  for  outside  work.** 

3.  P.  rigida,  Hill.  Northern  Pitch  Pine.  A  stout  tree, 
30-80  ft.  high,  with  rough  scaly  bark.  Leaves  in  threes,  3-5  in. 
long,  stiff  and  flattened.     Cones  ovoid-oonical,  2-3  in.  long,  their 

i  Bescrlptlons  followed  by  an  asteriek  are  taken  (more  or  len  BlmplUied)  from 
Profeitor  Tracy's  llora  in  the  Southern  SkUe»  Edition. 


GYMNOSPERMS 


16 


scales  tipped  with  a  short,  abruptly  curred  spine.  Wood  hard, 
coarse  and  resinous,  mainly  used  for  fuel.  Poor,  sandy  soll, 
especially  eastward. 


Fig.  1.— Scotch  PIne  (P.  gylueatriif). 

1,  a  twig  showing :  a,  staminate  catkins ;  6,  pistillat«  catkioB  ;  c,  a  cone  ;  d,  needles. 
2,  an  anther,  a,  aide  view ;  6,  outer  surfaoe.  3,  a  carpel-scale,  a,  inner  surface  ; 
b,  outer  snrface.  4,  a  oone-scale,  a  seed-wing,  and  a  seed.  6,  sectlon  of  a  seed, 
Bhowing  the  embryo.  (1)  ia  natural  size ;  the  other  parta  of  the  flgure  are  magni- 
fled  by  the  amount  indlcated  by  oomparison  with  the  yertical  line  alongside  each. 

4.  P.  inops,  Ait.  Scrub  Pixe.  A  small  tree,  usually  20-30  ft. 
high,  but  sometimes  miich  taller ;  bark  of  the  trunk  rough,  nearly 
black;  twigs  smooth  aud  with  a  bloom.     Leaves  in  twos,  1-2  in. 
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long,  rigid,  sheaths  very  short.  Staminate  catkins  dull  yellowish- 
purple,  1  in.  long.  Cones  solitary,  Bhort-peduncled,  often  refl^xed, 
ellipsoid-conicy  about  2  in.  long ;  scales  thickened  at  the  apex  and 
armed  with  a  elender,  straight,  or  recurved  prickle.  On  diy,  sandy 
soll ;  wood  light,  soft,  weak,  and  of  little  value.* 

6.  P.  sylvestris,  L.  Scotch  Pinb  (wrongly  called  Scoich  Fir).  A 
medium-^ized  tree,  with  the  older  bark  reddish  and  scaly.  Leaves  in 
twos,  1^2^  in.  long.  Cones  rather  small  and  tapering  (Fig.  1,  I  c). 
Cultivated  from  Europe. 

6.  P.  lesinosa,  Ait.  Red  Fixe,  Norway  Pine.  A  tall,  rather 
elender  tree,  with  bark  reddish-brown  and  moderately  smooth. 
Leaves  in  twos,  elender,  and  5-6  in.  long.  Cones  borne  at  the  ende 
of  the  branchee,  smooth,  about  2  in.  long.  A  valnable  timber  tree, 
which  often  growe  in  small,  scattered  cliimps ;  wood  firm,  pale  red, 
and  not  very  resinous ;  nsed  in  house  and  bridge  buUding,  and  for 
mäste  and  epare. 

7.  P.  palustris,  Hill.  Lono-leaved  Pine.  A  large  tree ;  bark 
thin-ecaled,  wood  very  reeinous,  old  trees  with  only  a  few  spreading 
branches  near  the  top.  Leaves  in  threes,  10-15  in.  long.  Sheaths 
1-1^  in.  long,  crowded  near  the  ends  of  very  scaly  twigs.  Staminate 
catkins  2-3  in.  long,  bright  purple,  conspicuoue.  Cones  terminal, 
ellipeoid-conical,  6-10  in.  long,  diameter  2-3  in.  before  opening,  4-6 
in.  when  fully  opened ;  scalee  much  thickened  at  the  apex  and  armed 
with  a  ehort  recurved  epine  at  the  end.  The  moet  common  tree  in 
the  pine  barrens ;  wood  hard,  etrong,  and  dorable,  especially  valu»- 
ble  for  floore  and  inside  work.* 

n.     PICEA,  Link. 

Sterile  flowers  generally  axillary  (sometimes  terminal),  borne 
on  the  twigs  of  the  preceding  year.  Fertile  flowers  terminal. 
Fruit  a  nodding,  thin-scaled  cone,  ripening  in  the  first  autumn. 
Leaves  evergreen,  needle-shaped,  four-angled,  scattered  or 
spirally  arranged. 

1.  P.  nigra»  Link.  Black  Spruce.  A  small  tree,  usually  only 
20  or  30  f t.  high,  often  lese.  Leaves  strongly  4-angled,  bluish-green, 
and  glaucous,  ^-}  in.  long.  Cones  ovoid,  pointed,  ^-1^  in.,  usually 
about  1  in.  long,  persisting  sometimes  for  20-30  years.  Wood  of 
little  value  except  for  paper-pulp.  The  tree  is  especially  abundant 
northward,  and  is  of  common  occurrence  in  peat-bogs. 

2.  P.  rubra,  Dietrich.  Red  Spruce.  A  large  tree,  70-80  or  even 
100  or  more  feet  high,  of  strict  conical  habit.  Leaves  dark  green 
or  yellowish  and  glossy,  }-|  long.  Cones  ovoid-oblong,  acute,  usually 
1^-2  in.  long,  mostly  falling  the  first  year.     This  is  the  principe 
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timber-spruce  of  the  northeastern  United  States,  and  f  urnishes  mach 
ratber  tough  lumber  for  use  in  floor-joists,  scantling,  and  similar 
purposes. 

3.  P.  alba,  Link.  White  Spruce,  Skunk  Spruce,  Cat  Spruce. 
A  tall,  ratber  conical  tree,  60-70  f  t.  high.  Leayes  pale  and  with  a 
bloom  Bometimes  }  in.  long.  Cones  cylindrical,  with  rounded  ends, 
about  2  in.  long,  falling  inside  of  one  year.  A  handsome  tree, 
yaluable  for  timber,  ranging  far  northward. 

4.  P.  ezoelaa,  Link.  Norwat  Spruce.  A  large  tree.  Leaves 
dark  green,  }-l  in.  long.  Cones  5-7  in.  long.  Cultivated  from 
Europe. 

m.    T8U0A,  CaxTiire. 

Sterile  flowers,  Clusters  of  stamens  springing  from  the  axils 
of  leaves  of  the  preceding  year.  Cones  terminal,  on  twigs  of 
tbe  preceding  year,  drooping,  thin-scaled,  ripening  the  first 
year.  Leaves  minute]y  petioled,  short,  flat,  white  beneath, 
2-ranked. 

1.  T.  canadensis,  Carriere.  Hemlock.  A  large  tree,  in  age 
branchless  below  when  growing  in  dense  woods.  When  young  the 
spray  is  very  graceful  and  abundant.     Leaves  short-linear.     Cones 

ä\  in.  or  less  in  length.  The  wood  is  coarse  and  spliutery,  but  useful 
or  fences  and  other  rough  work.  The  thick  reddish  bark  is  of 
great  value  for  tanning. 

IV.     ABIE8,  Link. 

Sterile  flowers  from  axils  of  leaves  of  tbe  preceding  year. 
Cones  erect,  on  the  sides  of  the  branches,  with  deciduous 
scales,  ripening  the  first  year.  Leaves  scattered,  but  on  hori- 
zontal branches  appearing  2-raQked,  flat  above,  silvery,  and 
with  a  prominent  midrib  below. 

1.  A.  balsamea,  Miller.  Balsam  Fir.  A  slender  tree,  50-60 
ft.,  OGcasionally  80  ft.,  high,  with  dense  foliage.  Leaves  narrowly 
linear,  less  than  1  in.  long.  Cones  violetrcolored  until  old,  cylindri- 
cal,  2-4  in.  long.  The  bark  contains  many  large  blisters,  filled  with 
the  well-known  Canada  baisam.  The  wood  is  brittle,  and  of  little 
value. 

y.     LARIZ,  Tonn. 

Flower-spikes  short,  opening  in  early  spring,  before  the 
leaves ;  the  fertile  ones,  while  still  young,  of  a  beautif ul  crim- 
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son  color.  Fruit  a  small  cone,  with  thin  scales.  Leaves  none 
of  them  scaly,  but  all  needle-shaped,  soft,  deciduous,  very 
numerous,  in  little  brush-like  buudles. 

1.  L.  americana,  Michz.  American  Larch,  Tamarack,  Hack- 
MATACK  (wrongly,  but  quite  generally,  called  Cypress  and  Juniper). 
A  tall,  slender  tree,  30-100  f  t.  high.  Leavea  elender  and  less  than 
1  in.  long,  very  pale  bluish-green.  Cones  J-|  in.  long,  few-flcaled. 
Wood  hard,  tough,  and  heavy,  of  considerable  use  for  ship-building. 

2.  L.  europaea,  DC.  European  Larch.  Leaves  bright  green 
and  longer ;  cones  longer  than  in  tbe  preceding  species  and  many- 
Bcaled.     Cultivated  from  Europe. 

VI.     TAXODHTM,  Richazd. 

Trees ;  leaves  spreading  so  as  to  appear  2-ranked,  decidu- 
ous ;  flowers  monoecious,  appearing  before  the  leaves ;  stami- 
nate  ones  numerous,  globose ;  forming  long,  terminal,  drooping, 
panicled  spikes ;  anthers  2-5-celled ;  pistillate  flowers  Single 
or  in  pairs,  bractless,  the  peltate  scales  2-oyuled ;  cone  globose ; 
the  very  thick  woody  scales  angular,  separating  at  maturity ; 
seeds  3-angled,  pyramidal.* 

1.  T.  distichum,  Richard.  Bald  Cypress.  A  very  large  tree; 
bark  dark  brown,  rough,  fibrous  ;  many  of  the  twigs  deciduous  with 
the  leaves.  Leaves  altemate,  opposite,  or  whorled,  2.ranked,  flat, 
linear,  ^-}  in.  long.  Cones  terminal,  globose,  about  1  in.  in  diameter ; 
ends  of  the  scales  much  thickened,  wrinkled,  and  with  a  distinct 
triangulär  marking.  Common  in  swamps  and  on  the  borders  of 
streams;  wood  reddish,  soft,  light;  specially  valuable  for  shingles 
and  fence  posts,  and  for  boat-building.* 

Vn.     THUYA,  Tottm. 

Flowers  small,  terminal,  monoecious,  on  different  branches. 
Stamens  each  consisting  of  a  scale-like  portion  bearing  4  anther- 
cells.  Pistillate  flowers  consisting  of  a  few  overlapping  scales 
which  ripen  into  a  small,  loose  cone.  Leaves  evergreen,  oppo- 
site, and  closely  overlapping  on  the  stem,  of  two  kinds,  those 
on  the  more  rapidly  growing  twigs  awl-shaped,  the  others  mere 
scales. 

1.  T.  occidentalifl,  L.  Arbor  VituB,  Cedar.  A  small  tree,  20-50 
ft  high,  with  soft  fibrous  bark.     Leaves  mostly  awl-shaped  and  blunt. 
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Cones  ellipfloidal,  their  scales  2-Beeded.  Grows  on  rocky  ledges,  but 
reaches  its  greatest  size  in  cool  cedar  swamps.  Wood  soft,  yellowish, 
fragrant,  durable,  prized  for  shingles  and  fence  posts. 

Vm.    JUNIPERUS,  L. 

Flowers  very  small,  lateral,  dicecious,  or  sometimes  monoB- 
cious.  Scales  of  the  staminate  flower  shield-shaped,  with  3-6 
anther-cells.  Fertile  flowers  with  3-6  fleshy  scales  which 
unite  into  a  berry-like,  1-3-seeded  fruit.  Leaves  awl-shaped 
or  scale-shaped. 

1.  J.  oommuiiis,  L.  Juxiper.  A  low,  spreading  shrub  (one 
variety  prostrate  in  circular  rnasses).  Leaves  linear-awl-shaped,  with 
needle-like  points,  each  niarked  with  a  distinct  8trii)e  of  bloom  along 
the  center  of  the  upper  surface,  borne  in  whorla  of  three.  Fruit  a 
dark  blue  aromatic  berr}',  |  in.  or  more  in  diaineter.  Grows  in  diy 
pastures  and  on  sterile  hillsides  N. 

2.  J.  Yirginüuia,  L.  Red  Cedar,  Savin.  Ranges  in  size  and 
shape  from  a  low,  rather  erect,  shrub  to  a  conical  tree  90  ft.  high. 
Leaves  of  two  kinds,  those  on  the  rapidly  growing  shoots  awl-shaped 
and  pointed,  those  on  the  shortest  twigs  scale-shaped,  obtuse,  or 
nearly  so,  and  closely  appressed  to  the  stem.  Fruit  small,  bluish, 
with  a  white  bloom.  Found  all  the  way  from  British  America  to 
Florida.  Wood  soft,  fragrant,  reddisb,  exceedingly  durable  in  the 
ground,  valued  for  the  manufacture  of  moth-proof  chests  and  espe 
cially  for  lead-pencils. 
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CLASS  II.  — ANGIOSPERMS. 

Planta  with  a  closed  ovarj,  in  which  the  seeds  are  matured. 
Cotyledons  1  or  2. 

SUBCLASS   I.  — MONOCOTYLEDONOUS  PLANTS. 

Sterns  with  the  fibro-yascular  bundles  scattered  among  the 
parenchyma  cells ;  in  perennial  plants  no  annual  rings  of 
wood.  Leaves  usually  parallel-veined,  alternate,  nearly 
alwajs  entire.  Parts  of  the  flower  generally  in  threes 
(never  in  fives).     Cotyledon  1. 

2.   TYPHACSiE.     Cat-tail  Family. 

Perennial  marsh  or  aquatic  plants.  Bootstock  stout,  creep- 
ing; Stern  simple,  cylindrical,  erect.  Leaves  simple,  strap- 
shaped,  sheathing  at  the  base,  nerved  and  striate.  Flowers 
monoecious,  in  a  Single  terminal  spike,  staniinate  part  of  the 
Spike  uppermost,  each  part  subtended  by  spathe-like  decidaons 
bracts ;  perianth  of  fine  bristles  ;  staminate  flowers  sessile ; 
stamens  2-7.  Filaments  connate,  subtended  by  minute  bracts ; 
pistillate  flowers  short-pediceled.  Ovary  1-2-celled ;  styles 
1-2.     Fruit  small,  nut-like.* 

TTPHA,  Toam. 
Characters  of  the  family. 

1.  T.  UtifoliA,  L.  Cat-tail.  Stem  erect,  jointed  below,  6-8  ft. 
high.  Leaves  nearly  aa  long  as  the  stem,  abont  1  in.  wide,  netted 
and  with  a  bloom.  Spike  cylindrical,  dark  brown  or  black ;  staminate 
portion  above  the  pistillate,  usually  with  out  any  interval  between 
them,  each  4-8  in.  long  and  about  1  in.  in  diameter.  Fruit  f  urrowed« 
Common  in  marshes  and  shallow  ponds.* 
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8.  ALISKACEA.     Water-plantain   Family. 

Annual  or  perennial  marsh  herbs,  usually  with  creeping  run- 
ixers  or  rootstocks.  Sterns  scape-like.  Leaves  long-petioled, 
sheathing  at  the  base  ;  petiole  rounded  ;  blade  nerved,  netted, 
or  sometimes  wanting.  Flowers  in  racemes  or  panicles,  per- 
fect,  monoBcious  or  dioecious  ;  pedicels  in  bracted  whorls. 
Sepals  3,  persistent,  petals  3  or  wanting.  Stamens  6  or  more. 
Ovaries  few  or  many,  1-celled,  1-seeded.  Style  short  or  none. 
Fruit  a  l-seeded  akene.* 

I.     ALI8MA,  L. 

Annual  or  perennial  herbs.  Leaves  erect  or  floating,  blades 
prominently  ribbed  and  netted,  or  even  pinnately  veined. 
Scapes  erect,  becoming  longer  than  the  leaves,  cylindrical, 
spongy.  Flowers  perfect,  in  paniculate  3-bracted  umbels, 
small,  white  or  pink.  Stamens  6-9.  Ovaries  numerous  in 
one  or  more  whorls  on  a  flat  receptacle.  Fruit  l-seeded 
akenes  which  are  ribbed  on  the  back  and  sides.* 

1.  A.  Plantago,  L.  Water  Plaxt ain.  Perennial ;  root  fibrous. 
Leaves  ovate  or  somewhat  cordate,  5-7-nerved  when  erect,  floating 
leaves  narrower  and  sometimes  linear.  Scapes  usually  single  ;  pan- 
icle  1-2  ft.  long ;  flowering  branches  whorled,  subtended  by  three 
narrow,  striate  bracts ;  pedicels  slender,  elongated.  Ovaries  15-20 
in  a  Single  whorl ;  base  of  the  short  style  persistent,  forming  a  beak 
at  the  inner  angle  of  the  akene.  Akeues  obliquely  obovate,  2-3- 
keeled  on  the  back.     Conunon  in  ponds  and  muddy  places.* 

1 
n.     8A0ITTARIA. 

Perennial ;  rootstocks  mostly  knobby  or  tuber-bearing. 
Scapes  erect  or  decumbent.  Leaves  long-petioled,  sheathing 
at  the  base,  the  blade  round  and  netted,  or  wanting.  Flowers 
moncBcious  or  dioecious,  racemed  in  3-bracted  whorls  of  threes, 
the  Upper  flowers  usually  staminate.  Sepals  3,  persistent. 
Petals  3,  withering-persistent  or  deciduous.  Stamens  few  or 
many.  Ovaries  in  globose  heads,  1-ovuled  ;  style  short,  per- 
sistent.    Fruit  a  subglobose  head  of  flattened  akenes.* 
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1.  S.  yariabiliBy  yar.  Utifolia,  Willd.  Broad-leaved  Arrow- 
HEAD.  Leaves  very  variable  in  size  and  shape,  from  broadly 
sagittate  to  linear ;  those  growing  on  the  drier  soil  being  usually  the 
broader;  petioles  6-30  in.  long.  Scape  smooth  or  slightly  downj, 
6-36  in.  high;  bracts  acute.  Flowers  monoecious  or  sometimes 
dioecious,  white,  1  in.  or  more  in  width ;  pedicels  of  the  staminate 
flowers  twice  the  length  of  those  of  the  fertile  flowers.  Filaments 
long,  smooth,  and  slender.  Akenes  with  beak  nearly  horizontaL 
Ditches  and  muddy  places.* 

2.  S.  graminea,  Michz.  Grass-leaved  Sagittaria.  Leaves 
long.petioled,  lanceolate,  or  elliptical,  and  acute  at  each  end,  3-5- 
nerved,  or  often  linear,  the  earlier 
often  reduced  to  flattened  petioles. 
Scape  slender,  usually  ionger  than 
the  leaves,  simple,  weak,  often  pros- 
trate in  fruit;  bracts  sraall,  ovate, 
connate  at  the  base.  Flowers  monoe- 
cious  om  dicecious,  on  long,  thread- 
like  pedicels,  about  ^  in.  wide. 
Stamens  10-20,  filaments  downy. 
Akenes  nearly  beakless.  In  ditches 
and  shallow  pools.* 


Fio.  2.  — Diagram  of  Infloresoence 
of  a  GraM. 

p,  sterile  glumes  ;  Pi,  a  flowering  glame ; 
P„  a  scaly  bract  (palea) ;  c,  traoBparent 
Bcalee  (lodicules)  at  the  ba«e  of  the 
flower ;  B,  the  flower. 


Fio.  3.— Fescue-graas  (Festuca 
praterui»). 

Ay  spikelet  (oompare  Flg.  2) ;  B,  a 
flower,  the  lodJcole«  in  front  and 
the  palea  behind ;  C,  a  lodicule ; 
2),  ovary. 
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4.  GSAMÜfSiE.     Grass  Family. 

Mostly  herbs,  with  usually  hollow  stems,  closed  and  en- 
larged  at  the  nodes.  Leaves  alternate,  in  two  ranks,  with 
sheathing  bases,  which  are  split  open  on  the  side  opposite  the 
blade.  Flowers  nearly  or  quite  destitute  of  floral  envelopes, 
solitarjy  and  borne  in  the  axils  of  scaly  bracts  called  glumes, 
which  are  arranged  in  two  ranks  overlapping  each  other  on 
1-many-flowered  spikelets;  these  are  variously  grouped  in 
Spikes,  panicles,  and  so  on.  Fruit  a  grain.  (The  family  is 
too  difficult  for  the  beginner,  but  the  structure  and  group- 
ing  of  the  flowers  may  be  gathered  from  a  careful  study  of 
Figs.  2,  3.) 

5.  CYPERACEiE.     Sedoe  Family. 

Grass-like  or  rush-like  herbs,  with  solid,  usually  triangulär, 
stems,  growing  in  tufts.  The  sheathing  base  of  the  generally 
3-ranked  leaves,  when  present,  is  not  slit  as  in  grasses.  The 
flowers  are  usually  somewhat  less  enclosed  by  bracts  than 
those  of  grasses  ;  the  perianth  is  absent  or  rudimentary ; 
stamens  generally  3  ;  style  2-cleft  or  3-cleft. 

The  general  appearance  of  a  common  sedge  may  be  leamed 
from  Part  I,  Ch.  V,  and  the  flower-cluster  and  the  flower 
understood  from  an  inspection  of  Fig.  4. 

The  species  are  even  more  difficult  to  determine  than  those 
of  grasses. 

6.  ARACEiE.     Arum  Family. 

Perennial  herbs,  with  pungent  or  acrid  juice,  leaves  often 
netted-veined,  small  flowers  (perfect  or  imperfect)  clustered 
along  a  peculiar  fleshy  spike  called  a  spadix,  and  frequently 
more  or  less  covered  by  a  large,  hood-like  bract  called  a 
spathe.  Perianth,  when  present,  of  4-6  parts  ;  often  want- 
ing.     Fruit  usually  a  berry. 
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Fig.  4. — Infloresoenoe,  Flower,  and  S«ed,  of  a  Sedge. 
(Great  Bulrnili,  Scirpus  lacustri».) 

Af  magnifled  flower,  surroonded  by  a  perianth  of  hypogynooi  bristles ;  J},  the 
seed ;  C,  seotion  of  the  aeed,  showing  the  small  embryo  endoeed  in  the  baae 
of  the  endoaperm. 


I.     ARISJfiMA,  Martittt. 

Perennial  herbs,  springing  from  a  corm  or  a  tuberoos 
rootstock. 

Spathe  rolled  up  at  base.  Summit  of  spadix  naked,  the 
lower  part  flower-bearing ;  staminate  flowers  above,  pistil- 
late  ones  below.  Stigma  flat;  ovary  1-celled ;  berry  1-few- 
seeded. 
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1.  A.  trlphyllum,  Torr.  Indian  Turnip,  Jack-in-the-pulpit. 
Leaves  generally  2,  each  of  3  elliptical-ovate,  pointed  leaflets.  Spadix 
club-shaped,  bearing  usually  only  one  kind  of  fuUy  developed  flowers ; 
that  is,  f  ull-6ized  pistillate  and  rudimentary  staminate  ones,  or  the 
reverse.  Spathe  much  longer  than  the  spadix,  and  covering  it  like 
a  hood.  Corm  turnip-like,  but  much  wrinkled,  very  starchy,  and 
filled  with  intensely  burning  juice. 

2.  A.  Draoontiumy  Schott.  Green  Dragon,  Dragon  Root.  Leaf 
UBually  Single,  divided  into  7-11  rather  narre w-pointed  leaflets ; 
spadix  tapering  to  a  long,  slender  point,  often  bearing  fully  devel- 
oped staminate  and  pistillate  flowers. 


n.     SYMPLOCARPUS,  Salisb. 

Bootstock  very  stout,  with  many  long,  cylindrical  roots. 
Leaves  clustered,  very  large,  and  entire.  Spathe  shell-shaped, 
very  thick.  Spadix  globular,  thickly  covered  with  perfect 
flowers.  Sepals  4.  Stamens  4.  Style  4-aDgled.  Fruit  glob- 
ular or  ellipsoidal,  with  the  seeds  slightly  buried  in  the 
enlarged  spadix. 

Goarse,  stemless  herbs,  with  a  powerful  scent  like  that  of 
the  skunk  and  of  onions. 

1.  S.  foetidnsy  Salisb.  Skunk  Cabbage.  Leaves  many,  slightly 
petioled,  1-2  ft.  long,  appearing  after  the  flowers.  The  latter  are 
usually  Seen  before  the  ground  is  wholly  free  from  frost,  often  earlier 
than  any  other  flower.     Bogs  and  wet  meadows,  very  common  N. 


m.     ACORUS,  L. 

Kootstocks  horizontal,  long,  and  moderately  stout,  aromatic. 
Leaves  long,  upright,  sword-shaped.  Spathe  much  like  the 
leaves.  Spadix  projecting  from  the  edge  of  the  spathe,  con- 
sisting  of  numerous  perfect  flowers.  Sepals  6.  Stamens  6. 
Ovary  2-3-celled,  with  numerous  ovules.    Fruit  1-few-seeded. 

1.  A.  Calamua,  L.  Sweet  Flag.  Scape  with  a  long,  leaf-like 
Prolongation  (spathe)  beyond  the  green,  very  closely  flowered,  spadix. 
Along  borders  of  brooks  and  swamps. 

The  rootstocks  fumish  the  well-known  calamus  or  "sweet  flag- 
root "  sold  everywhere  by  druggists. 
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7.   COMMELINACEJB.     Spiderwort  Family. 

Herbs,  with  slimy  or  mucilaginous  juice  ;  stems  somewhat 
succulent,  jointed,  leafy,  simple  or  branched.  Leaves  simple, 
succulent,  narrow,  entire,  sheathing  at  the  base,  sheaths  entire 


Fio.  6.  —  Acorus  Calamut. 
At  spadix  ;  J9,  a  Single  flower,  enl&rged ;  C,  diagram  of  flower,  enlarged. 

or  split.  Flowers  in  terminal  cyraes  or  umbels,  perfeet,  often 
irregulär.  Sepals  3,  persistent,  foliaceous  or  colored.  Petals  3, 
soon  falling  or  liquefying  ;  stamens  6  or  fewer,  often  some  of 
them  abortive.  Ovary  2-3-celled  ;  style  single,  Stigma  entire 
or  3-lobed,  fruit  a  2-3-celled,  2-3-valved  eapsule,  seeds  soli- 
tary  or  several  in  eaeh  cell.* 
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I.     COMMBLINA,  DUL 

Annual  or  perennial,  stem  branching,  erect  or  procumbent, 
smooth  or  downy.  Leaves  petioled  or  sessile,  entire,  the 
fioral  ones  heart-shaped,  folded,  and  forming  a  spathe  enclos- 
ing  the  base  of  the  cjmes.  Flowers  irregulär,  sepals  mostly 
coloredy  1  of  them  smaller.  Petals  blue,  unequal,  2  of  them 
kidney-shaped  and  long-clawed,  the  other  smaller.  Stamens  6, 
only  3  of  them  fertile,  filaments  smooth.  Capsule  1-3-celled, 
seeds  1-2  in  each  cell.* 

1.  C.  yirginica,  L.  Virginia  Dayflower.  Stem  erect,  downy, 
1-2  ft.  high.  Leaves  lanceolate  to  oblong-lanceolate,  taper-pointed, 
3-5  in.  long,  somewhat  rough  above,  sheaths  inflated,  hairy, 
the  opening  often  fringed.  Spathes  containing  a  slimy  secretion. 
Flowers  1  in.  wide,  the  odd  petal  lanceolate.  Capsule  3-«eeded,  the 
dorsal  cell  not  Splitting  open.     On  moist,  sandy  soll.* 


n.     TRADB8CANTIA,  L. 

Perennial,  stem  simple  or  branched.  Leaves  very  narrow. 
Flowers  in  terminal   and  axillary  bracted  umbels,  regulär, 

1  in.  broad.  Sepals  3,  herbaceous.  Petals  3,  soon  falling  or 
liquefying  to  jelly.  Stamens  6,  sometimes  3  shorter  than  the 
others,  filaments  bearded  or  smooth.     Ovary  3-celled,  with 

2  ovules  in  each  cell,  pedicels  recurved  in  fruit.  Capsule 
3-celled,  3-valved,  3-6-8eeded.* 

1.  T.  yirginica,  L.  Spiderwort.  Stem  erect,  stout,  smooth, 
or  with  long,  soft  hairs,  1-2  f t.  high.  Leaves  linear,  keeled,  often 
purple-veiued,  long,  taper-pointed,  1  ft.  or  more  in  length.  Bracts 
similar  to  the  leaves,  umbels  sessile,  2-many-flowered,  flowers  in  2 
rows  in  the  bud.  Petals  blue  or  purple,  twice  as  long  as  the  sepals. 
Stamens  blue,  filaments  densely  bearded.  Capsule  ovoid  or  oblong. 
On  dry,  sandy  soll.* 

2.  T.  pilosa,  Lehm.  Hairt  Spiderwort.  Stem  stout,  erect,  or 
zigzag,  branched,  with  long,  soft  hairs,  or  nearly  smooth,  1-2  ft. 
high.  Leaves  linear- oblong,  taper-pointed  at  the  apex,  narrowed  at 
the  base,  hairy  on  both  sides.  Umbels  axillary  and  terminal,  many- 
flowered.  Pedicels  and  sepals  with  soft,  glandulär  hairs.  Flowers 
blue  or  purple,  |-1  in.  wide.     Seeds  pitted.     In  rieh  soiL* 
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m.     ZEBROTA. 

Trailing  or  slightly  climbing  herbs.  Leaves  often  striped. 
Flowers  irregulär,  usually  in  pairs.  Galjx  with  a  short  tube, 
regularly  or  irregularly  3-parted.  GoroUa  nearly  regulär, 
with  tube  longer  than  the  calyx.  Filaments  naked  or  bea^ded. 
Ovary  3-celled,  3-6-ovuled. 

1.  Z.  pendula,  Schnitzl.  Wakderikg  Jbw.  Sterns  perennial, 
prostrate,  or  nearly  so,  branching  freely,  rooting  easily  at  the  nodes. 
I^aves  somewhat  succulent,  lance-ovate  or  oblong,  crimson  beneath, 
green  or  dark  purplish  above,  often  with  two  wide  silvery  stripes. 
Cultivated  from  Mexico. 


8.   PONTEDESIACEJB.     Pickerel-webd  Family. 

Perennial  marsh  or  aquatic  herbs^  stems  simple  or  branched, 
succulent.  Leaves  simple,  alternate.  Flowers  solitary  or 
spiked,  each  subtended  by  a  leaf-like  spathe,  perfect,  mostly 
irregulär.  Perianth  coroUa-like,  6-parted.  Stamens  3  or  6, 
unequal,  inserted  irregularly  in  the  tube  or  throat  of  the 
perianth.  Ovary  free,  style  Single,  Stigma  entire  or  toothed, 
ovary  1  or  3  celled.     Fruit  a  1-seeded  utricle.* 

PONTEDERIA,  L. 

Stem  erect,  from  a  thick,  creeping  rootstock,  bearing  a 
Single  leaf  above  the  middle  and  several  sheathing,  bract-Üke 
leaves  at  its  base.  Kadical  leaves  numerous,  thick,  parallel- 
veined.  Petiole  long,  from  a  sheathing  base.  Flowers  in 
terminal  spikes.  Perianth  2-lipped,  lobes  of  the  upper  lip 
ovate,  of  the  lower  oblong,  spreading.  Stamens  6,  the  3 
Upper  Short  and  often  imperfect,  the  3  lower  protruding. 
Ovary  3-celled,  but  only  1  cell  ovule-bearing.  The  1-seeded 
utricle  enclosed  by  the  base  of  the  perianth.* 

1.  P.  oordata,  L.  Pickerel-weed.  Stem  stout,  erect,  2-4  ft.  bigh. 
Leaves  long,  from  heart-shaped  to  lanceolate  and  often  halberd- 
shaped,  apex  aud  basal  lobes  obtuse,  finely  nerved.     Spike  dense, 


MOKOCOTYLEDONOÜS  PLANTS  29 

2-4  in.  long,  peduncles  enclosed  by  the  spathe.  Perianth  hairy, 
blue,  the  upper  lip  with  2  yellow  spots,  tube  6-ribbed,  curved,  rather 
longer  than  the  lobes.     Ovary  oblong.    In  ponds  and  slow  streams.* 


9.  JUNCACEJB.     RcSH  Familt.  /  ^ 

Orass-like  perennial  er  annaal  herbs,  mostly  growing  on 
wet  seil.  Sterns  mostly  erect  but  sometimes  creeping,  simple 
er  branched,  naked  er  leafy  and  jointed.  Leaves  cylindricaly 
sheathing  at  the  base,  very  slender  and  pointed  or  flattened 
and  grass-like.  Flowers  in  cymes  or  panicles,  which  may  be 
very  loose  and  spreading,  or  so  compact  as  to  form  a  head, 
sometimes  with  a  rigid  scape  prolonged  beyond  the  flower- 
cluster.  Flowers  usually  bracted,  perianth  of  6  nearly  equal 
scale-like  persistent  divisions.  Stamens  3  or  6,  inserted  on 
the  base  of  the  perianth.  Ovary  free,  1  or  3  celled,  many- 
ovnled.  Style  Single,  stigmas  3,  usually  hairy.  Fruit  a  1  or 
3  celled,  3-many-seeded  capsule.  [Most  species  flower  late  in 
the  season,  and  their  Identification  is  too  difficult  for  one 
without  considerable  experience.]  * 

10.  LILIACEJB.     LiLY  Familt. 

Mostly  herbs.  Flowers  regulär  and  symmetrical.  Perianth 
free  from  the  ovary.  Stamens  nearly  always  6,  one  before 
each  division  of  the  perianth.  Ovary  usually  3-celled.  Fruit 
a  pod  or  berry,  few-many-seeded. 

Except  in  the  genus  Trillium  the  divisions  of  the  perianth 
are  colored  nearly  alike. 
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SÜBFAMILY  I.— LILIACE^  PROPER. 
Not  tendrü-elimhers,  rarely  diaecums. 

A. 

Styles  or  sessile  Stigmas  3,  more  or  less  separate, 

Leaves  3-ranked,  strongly  nerved  and  plaited.     Flowers  some- 
what  monoßcious,  small.  Veratrum,  I. 

I^aves  flat,  lanceolate,  or  spatulate.    Flowers  dicecious,  showy. 

Chamslirium,  II. 

Leaves  grass-like.     Flowers  perfect,  showy.      Amianthium,  HI. 

B. 

Style  undivided  (in  No.  XXI 11,  3  sessile  Stigmas),     Plauts  ßvm  root- 
stocks. 

Leayes  perfoliate.     Flowers  solitary,  drooping,  yellow. 

üvularia,  IV. 

Leaves  broad,  clasping.     Flowers  solitary  or  nearly  so,  drooping, 

yellow.  Oakesia,  V. 

Leaves  scale-like.     Tbread-like  branches  borne  in  their  axils. 

Flowers  small,  bell-shaped.  Asparag^s,  XVII. 

Leaves  several-many,  sessile  or  clasping,  alternate.     Flowers 

small,  6-parted,  white,  in  a  terminal  simple   or   Compound 

raceme.  Smilacina,  XVIII. ' 

Leaves   only   2-3,  sessile   or   slightly   petioled.     Flowers  very 

small,  4-parted,  solitary  or  in  a  small  terminal  Cluster. 

Maianthemum,  XIX. 

Leaves  clasping.     Flowers  solitary  or  in  pairs,  greenish-white  or 

rose-purple,  borne  on  pedicels  abruptly  beut  near  the  middle. 

Strej)topus,  XX. 
Leaves  nearly  sessile   or   partly   clasping.      Flowers   axillary, 
greenish,  on  pedicels  jointed  near  the  flower. 

Folygonatum,  XXI. 


JJOCOTYLEDUNOUS   PLANTS 


31 


irectly  f  rom  the  rootstock.     Flowers  in  a  racemct 
vhite,  sweetrscented.  Couvallaria,  XX 11, 

i-veined.     Flower  Single,  large,  terminal. 

TnUium,  XXlIl. 

C. 


lants  from  fibrous  roots, 
or  orange. 

D. 


Hemerocallis,  VI. 
Yucca,  XVi. 


'</e(L     Plants  from  coated  or  solid-loolcing  hulbs. 

il  plants.      Flowers  large,  solitary,  or  appare utly 

Fritillaria,  IX. 

emless  plants. 

ts  with  the  smell  of  onions  or  garlic.     Flowera 
ibelled.  Allium,  VII. 

er  solitary,  erect,  Urge.  Tulipa,  X. 

er  solitary,  nodding.  Erythronium,  XL 

ers   racemed.     Perianth   with   hardly  any  t\i\»\ 
igma  a  single  knob.  Scilla,  XI 1. 

rers   racemed.     Perianth    with    hardly   any   tiibe, 
igiua  3-cleft.  Camassia,  XTII. 

.ers  corymbed.      Periantli  with  hardly  any  tiiUe, 
aves  linear.  Ornithogaluni,  XIV. 

ers   racemed.      Perianth   with   a   tube.       I^u\ts 
ice-linear.  Hyacinthu8,  XV. 


Plants  from  scaly  hulhs. 


Lilium,  VI  11. 


SUBFAMILY   IL  —  SMILACE^. 

drU-hearing,     Flowers  dicecious,  Smilax,  XXI\". 
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I.     VERATRÜM,  Totun. 

Simple-fitemined  perennials.  Koots  fibrous,  from  the  thick- 
ened  base  of  the  stem,  poisonous,  emetic.  Leaves  3-ranked, 
plaited,  and  veiny.  Flowers  panicled,  greenish,  or  brownish. 
Sepals  ß,  spreading,  nearly  free  from  the  ovarj.  Stamens 
shorter  than  the  perianth,  and  inserted  on  its  base.  Ovary  of 
3  carpels  united  at  base.  Fruit  a  few-seeded  capsule,  Splitting 
into  3  parts. 

1.  V.  viride,  Ait.  White  Hellrbore.  Indian  Poke.  Stern 
stout,  2-7  ft.  high,  very  leafy.  Flowers  very  numerous,  in  a  panicle, 
composed  of  spike-like  racemes.  Sepals  yellowish-green.  Wet 
meadows  and  brooksides. 

2.  V.  Woodii,  Sobbins.  Stern  slender,  2-5  ft.  high»  not  very  leafy. 
Flowers  in  a  long,  narrow  panicle.  Sepals  greenish-purple  or  almost 
black.     Woods  and  dry  hillsides. 

n.     CHAMJELmiUM,  WiUd. 

BrOotstock  Short  and  thick,  bitter.  Stern  simple,  erect,  leafy, 
smooth.  Lower  leaves  spatulate  to  obovate,  the  stem-leaves 
narrower.  Flowers  small,  white,  in  a  spike-like  raceme, 
dioecious.  Perianth  of  6  linear-spatulate  Segments.  Stamens 
6,  filaments  longer  than  the  perianth.  Ovary  3-celled,  styles 
3.     Fruit  an  ovoid,  3-angled,  many-seeded  capsule.* 

1.  C.  carolinianum,  Willd.  Unicorn-root,  Devil's  Bit.  Stem 
furrowed,  staminate  plants  1-2  ft.  high,  pistillate  taller,  often  3  ft. 
or  more.  Lower  leaves  obovate,  clustered,  the  Upper  smaU  and 
braci-like.  Staminate  racemes  slender  and  drooping,  the  pistillate 
erect.  Flowers  short-pediceled.  Capsule  3-valved,  seeds  linear- 
oblong,  winged  at  the  ends.     On  low  grouud.* 

m.    AMIANTHIUM,  Gray. 

Stem  simple,  glabrous,  erect  from  a  bulbous  base.  Leaves 
long  and  slender.  Flowers  white,  in  a  simple  terminal  raceme, 
perfect.  Perianth  of  6  segments  which  are  sessile  and  gland- 
less.  Stamens  6,  inserted  in  the  base  of  the  perianth.  Ovary 
3-lobed,  3-celled,  fruit  a  dehiscent,  3-lobed  capsule,  the  lobes 
becoming  awl-shaped  by  the  persistent  style  bases ;  cells  few- 
seeded.* 
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Fly  Poison.  Bulb  ovoid  or  oblong. 
7y  1-3  ft.  high.  Lower  leaves  strap- 
small and  bract-like.     Raceme  dense, 

axils  of  minute  ovate  bracts.  Peri- 
)ecoming  greenish,  nearly  as  long  as 
spreading.  Capsule  with  divergent 
ich  woods.* 


TULARIA,  L. 

lort  rootstocks.  Leaves  alternate, 
Flowers  yellow  or  yellowish, 
the'  end  of  the  forking  stem. 
separate  narrow  spatulate  sepals, 
Hearing  inside  toward  the  base. 
ers,  which  are  inuch  longer  than 
jft.      Pod  3-lobed,   3-celled,  few- 

Bellwort.  Leaves  oblong,  with  the 
>  make  it  appear  to  ran  through  the 
;  flowers  greenish-yellow,  IJ  in.  long, 

1-2  ft.  high, 
t  ELL  WORT.     Leaves  much  as  in  the 

pale  yellow,  with  shining  grains  on 
^ted  sepals;   anthers  sharp-pointed ; 

preceding. 


f 


;SIA,  Watson. 

3ect  of  the  preceding  genus,  but 
riangular  winged  pods,  and  slen- 


Ts,  Straw  Lilies.  Stem  slender, 
n,  sinooth,  pale  beneath,  1-1^  in. 
'ly  1    in.  long. 


ROCAI.I.IS,  L. 

>   of    fleshy  roots.     Stem   erect, 

ostly  basal  and  linear.     Flowers 

yellow  or   orange,  solitary  or 
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corymbed,  perianth  funnel-form,  with  a  spreading  limb  mnch 
longer  than  the  tube.  Stamens  6,  inserted  in  the  top  of  the 
tube,  shorter  than  the  lobes,  curved  upward.  Ovarj  3-celled, 
many-ovuled,  style  longer  than  the  stamens,  curved  upward, 
Stigma  knobbed.     Fruit  a  3-celled,  3-angled  capsule.* 

1.  H.  falya,  L.  Day  Lily.  Scapes  stout,  branched  above,  with  a 
few  bract-like  leaves,  smooth,  3-5  ft.  higli.  Leaves  very  long,  strap- 
shaped,  acute,  chanueled.  Flowers  sliort-pediceled,  tawny-yellow, 
perianth  lobes  oblong,  netted-veined,  lasting  only  one  day.  Intro- 
duced  from  Asia  and  common  in  old  gardens.* 

Vn.     ALLIÜM,  L. 

Stemless  herbs  from  coated  bulbs  with  the  characteristic 
odor  of  onions.  Bulbs  solitary  or  clustered.  Leaves  narrowly 
linear  or  slender-tubular,  with  a  bloom.  Flowers  small  oa 
slender  pedicels,  in  terminal  umbels  on  naked  scapes,  the 
umbels  often  bracted  or  enclosed  in  a  spathe.  Perianth 
6-parted,  persistent ;  stamens  6,  inserted  on  the  base  of  the 
perianth,  filaments  filiform  or  dilated  below.  Ovary  sessile, 
3-celled.  Style  thread-like,  jointed ;  Stigma  entire.  Fruit  a 
3-celled,  3-valved,  few-seeded  capsule.  Flowers  sometimes 
changed  into  bulblets.* 

1.  A.  canadense,  L.  Meadow  Garlic.  Bulbs  ovoid,  the  outer 
coats  of  white  and  thin,  dry,  netted  fibers.  Leaves  narrowly  linear, 
flat,  or  concave  above.  Scape  cylindrical,  1  ft.  high.  Bracts  of  the 
umbel  2-3,  ovate,  acuminate;  umbel  consisting  mostly  of  sessile 
bulblets.  The  few  flowers  long-pediceled,  rose-colored.  Perianth 
about  as  long  as  the  stamens.  Filaments  dilated  below.  Capsule 
shorter  than  the  perianth,  6-toothed,  ovules  2  in  each  cell.  On  moist 
soll.* 

2.  A.  striatum,  Jacq.  Striped  Wild  Onion.  Bulbs  clustered, 
outer  coat  memV)ranaceous.  Leaves  linear,  concave,  striate  on  the 
back.  Scape  6-12  in.  high.  Umbel  3-10-flowered,  bracts  2,  pedicels 
1-2  in.  long.  Perianth  nearly  white,  longer  than  the  stamens,  the 
outer  Segments  green-keeled  on  the  back.  Capsule  not  toothed, 
seeds  several  in  each  cell.     Low  pine  barrens.* 

•  3.  A.  yineale,  L.  Field  Garlic.  Bulb  mostly  solitary.  Leaves 
cylindrical,  hollow,  very  slender.  Scape  slender,  sheathed  below  the 
middle  by  the  bases  of  the  leaves.  Umbels  often  crowded  with 
bulblets.  A  troublesome  weed  in  moist  meadows  and  fields  east- 
ward,  giving  milk  a  strong  flavor  of  onions  or  garlic. 


IXJNÜUS   1*LÄNT8 


86 


ümm. 


3S|  stem  erect,  leaf  j,  usually  tall 
öcattered,  or  whorled.  Flowera 
Perianth  oorolla-like,  deciduous, 
curved  abüve,  aessile  or  clawed> 
roove  üear  the  base*  8  tarne  os  6, 
ersatile.  Ovary  S-celled^  many- 
',  Stigma  3-lobed,  Fruit  a  S-called, 

ÜB* 

>yß-Fi4iJWRiiEi>  White  Lilt.  Stern 
iieeolate,  äcatt^retL  Flu  wer  j^ingJe, 
in,  lon^',  Vsir.  exlmlumi  tii#*  Kaste r 
id  swfet-at^t*uted  llowers- 
ILD  Red  Lilv.  Stem  2^5  fK  high. 
per  ones  generally  whoik^d,  Flower 
3),  erect,  reddinh-i^raugei  >vilh  tiiwuj 
a  with  clttWÄ.     Dry  or  satidy  ground, 

Ki*t,t>vv  LiLY,  Meauow  LiLYt  Stein 
\  S-iierved^  ihn  margjjjs  nnd  tierves 
rleiL  Fhiwern  ui*iially  )],  aoinetimei 
i  [>edunGlea  3^15  in,  liHig,  yellow  or 
rown  »potM  jnsidLs  Sejutls  without 
'3  iiud  boi'dei'ä  iii  wcMxds. 


LLAIMÄ,  Taum. 

U  frojn  sealy  or  eoated  bnlbs, 
adding.  Ferianth  IjeH-sliaped,  a 
I  base  of  each  divisioo.     Stamena 


L-H£^(  Flow  ER.  Stem  l  ft.  high, 
el4*d,  Flower  nauÄlly  i^mgle^  larg«, 
and  purple    or  yellow.      Cultjvated 

/SPKK I AI*.  M^m 3-4  ft.  hi^h.  Leavea 
iddJe  or  lowi^r  part  of  the  stem,  lan- 
rs  several,  brg^,  yellow  or  red,  in  au 
»nninal  crown  of  leaves»    OuJtivated 


^ 
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X.    TT7LIPA,  Toam. 

Stemless  herbs  from  coated  bulbs.  Leaves  sessile.  Scape 
simple.  Flower  solitary,  erect.  Perianth  bell-shaped.  Stamens 
Short,  awl-shaped,  with  broadly  linear  anthers.  Style  short, 
Stigma  thick,  3-lobed.     Ovary  and  pod  triangulär. 

1.  T.  gesneriana,  L.  Common  Tulip.  Leaves  3-6,  ovate-lanceo- 
late,  close  to,  the  ground.  Flower  large,  on  a  smooth  peduncle,  color 
red,  yellow,  white,  or  variegated.  Cultivated  from  Asia  Arlinor. 
Many  garden  varieties  exist. 

XI.    ERYTHRONIUM,  L. 

Nearly  stemless  herbs,  arising  from  rather  deeply  buried 
bulbs.  Leaves  2,  long  and  smooth,  .with  Underground  petioles. 
Scape  arising  from  between  tlie  bases  of  the  leaves.  Flower 
commonly  Single,  nodding. 

1.  E.  americanum,  Ker.  Yellow  Adder's-tongue.  Leaves 
mottled.  Flowers  handsome.  Perianth  light  yellow,  style  club- 
shaped,  stigmas  imited. 

2.  S.  albidnin,  Nutt.  White  Dog's-tooth  Violet.  Leaves 
not  much  mottled.  Perianth  bluish-white.  Stigmas  3,  short  and 
spreading. 

Xn.    SCILLA,  L. 

Perennial  stemless  herbs  from  coated  bulbs.  Leaves  linear. 
Flowers  racemed  on  a  scape,  generally  blue.  Divisions  of  the 
perianth  1-nerved,  parted  almost  to  the  base.  Filaments  6, 
often  broad  at  the  base.  Style  slender,  with  a  knob-like 
Stigma.     Ovary  3-angled,  3-celled. 

1.  S.  sibirica,  Andr.  Siberian  Squill.  Scapes  3-8  in.  high, 
several  from  each  bulb,  2-3-flowered.  Leaves  2-4,  narrowly  strap- 
shaped.  Flowers  intense  blue,  short-peduncled,  often  nodding. 
Cultivated  from  Russia  and  Siberia.  • 

Xm.    CAMASSIA,  Llndl. 

Stemless  herbs,  from  coated  bulbs.  Leaves  linear.  Flowers 
racemed,  on  a  scape.  Perianth  of  6  blue  or  purple  spreading 
sepals.  Stamens  with  thread-like  filaments,  from  the  base  of 
the  perianth.  Style  thread-like,  ending  in  a  knobbed  stigma. 
Gapsule  3-angled,  3-celled,  several-seeded. 
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nNTH.  Leaves  keeled,  weak, 
I  a  long-bracted  raceme,  pale 
ip,  rieh  8oil. 

LUM,  Totun. 

ulbs.  Leaves  linear,  fleshj. 
j  or  racemes;  bracted.  Peri- 
d,  persistent.  Stamens  ß, 
s  ilattened.  Ovary  sessile, 
roundish,  3-angled  capsule, 

Bethlehem.  Bulb  ovoid,  mem- 
linear,  fleshy,  mid-vein  nearly 
sie n der,  6-12  in.  high.  Flowers 
Bract«  linear-lanceolate,  about 
«gments  oblong-lanceolate,  white 
wice  the  length  of  the  stamens. 
inion  about  old  gardens.* 

fTHUS,  L. 

bulbs.  Leaves  linear,  fleshy. 
)ediceled,  bracted.  Perianth 
iding  above.  Stamens  short, 
i  knobbed.      Ovary  3-celled, 


Leaves  lance-linear,  thick  and 
flowerea.  Segments  united  about 
d.  Filaments  very  short.  Ovary 
i  cultivation.* 


CCA,  L. 

fy  stems.  Leaves  numerous, 
Flowers  in  large  terminal 
>dding.  Perianth  bell-shaped, 
iduous.  Stamens  6,  filaments 
ose.     Anthers   small.     Ovary 
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1.  T.  filAmentoaa,  L.  Spanish  Daoger.  Stern  stout,  4-12  in. 
high.  Leaves  linear  or  linear-lanceolate,  slender-pointed,  narrowed 
al:^Te  the  spreading  and  clasping  base,  spreading  or  recurved,  stnooth, 
with  loose,  thread-like  Filaments  on  the  margins.  Panicle  elongated, 
with  bract-Uke  leaves  on  the  scape,  widely  branched,  downy-hairj 
above,  3-6  ft  high.  Perianth  white,  bell-shaped,  2  in.  wide.  Cap- 
sule  oblong,  angles  rounded,  sides  f urrowed,  at  length  3-yalved  and 
dehiscent.     In  sandy  soil,  and  often  cultivated  for  ornament.* 

ZVn.    ASPARAGÜS,  Tonxii. 

Stein  from  fleshj  fibrous  roots,  erect,  branched,  branches 
slender,  with  thread-like  branchlets  in  the  axils  of  scales  which 
take  the  place  of  leaves.  Flowers  small,  solitary,  or  racemed. 
Perianth  6-parted,  Segments  distinct  or  slightly  united.  Star 
mens  6,  perigynous,  iilaments  thread-like.  Ovary  3-celled, 
ö-ovuled,  style  short,  slender,  Stigmas  3,  recurved.  Fruit  a 
berry.* 

1.  A.  offlcinalis,  L.  Asparagus.  Stem  succulent  and  simple,  with 
fleshy  scales  when  young,  becoming  taller,  more  woody  and  widely 
branched  when  old.  Flowers  axillary,  solitary,  or  2  or  3  together  on 
slender,  jointed,  drooping  pedicels,  greenish,  segments  linear.  Berry 
red,  few-«eeded.  Introduced  from  Enrope,  common  in  cultivation, 
and  often  escaped.* 

Xym.    SMILACINA,  Desf. 

Perennial,  simple-stemmed  herbs,  with  rootstocks.  Leaves 
usually  sessile,  nerved,  alternate.  Flowers  white,  in  a  ter- 
minal raceme.  Perianth  spreading,  6-parted.  Stamens  6, 
springing  from  the  base  of  the  perianth.  Filaments  slender. 
Anthers  short,  facing  in  ward.  Ovary  3-celled,  6-ovuled.  Style 
Short  and  stout,  with  a  somewhat  3-lobed  Stigma.  Fruit  a 
1-2-seeded  berry. 

1.  S.  racemosa,  Desf.  Falsr  Spikenard.  A  showy  plant  with 
curved  stera  1-3  ft.  high,  downy  throughout.  Leaves  abundant, 
oval  or  ovate-lanceolate,  tai)er-pointed.  Flowers  small,  in  a  Com- 
pound raceme.  Berries  pale  red,  speckled  with  dark  red  or  purple. 
Moist  thickets. 

2.  S.  stellata,  Desf.  Plant  1  ft.  or  less  in  height,  nearly  smooth. 
Leaves  broadly  lanceolate,  acute,  claaping.  Flowers  few,  larger  than 
in  No.  1,  in  a  simple  raceme.  Berries  very  dark  red.  Along  river 
banks. 
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be  or  ovate,  with  a  heart- 
:e,  solitary,  or  in  a  simple 
mens    4.       Ovary   2-celled. 

vEi>  Solomon's  Seal,  Wild 
n.  high.  Leaves  very  short- 
berry,  whitish,  with  brownish- 

uks  N. 


IS,  Michx. 

1  a  creeping  rootstock.  Leaves 
singly  or  in  pairs  on  peduncles 
s  and  wbich  are  sharply  bent 
i^nthers  arrow-shaped.  Ovary 
any-seeded  berry. 

ER-BERRY.  Stem  sHiooth,  2  ft.  or 
rgined.      Flowers   greenish-white. 

:rrt,  Jacob*8  Laddkr.    Branches 
leaves  margined  with  fine  bristles. 
)ld,  damp  woods  N. 


lONATUM,  Touin. 

d,  scarred.  Sterns  simple,  erect, 
Leaves  alternate,  oval,  or  oblong. 
ered,  drooping,  joiuted  peduncles. 
itamens  6,  included,  inserted  about 
Anthers  arrow-shaped.  Ovary 
le  slender,  Stigmas  knobbed  or 
3d  berry.* 

Solomon's  Seal.  Stem  simple,  erect, 
1-2  ft.  high.  Leaves  2-ranked,  sessile 
>^»fV.  nV»nvp  nalA  and   downv  beiieath. 
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2-  P*  giganteum,  Dietrich.  Smooth  Solomon's  Seal.  Stern 
simple,  stout,  curving  above,  3-8  f t.  high.  Leaves  lanceolate  to  ovate, 
many-nerved,  partly  clasping,  smooth  on  both  sides.  Peduncles  nearly 
half  as  long  as  the  leaves,  2-6-flowered.  Perianth  greenish-yellow, 
I  in.  long.  Filaments  smooth.  Berry  blue,  J  in.  in  diameter.  In 
rocky  woods  and  along  streams.* 

XXn.    COlfVALLARIA,  L. 

Low,  smooth,  stemless,  perennial  herbs.  Leaves  2,  oblong, 
with  long  petioles,  from  a  slender,  creeping  rootstock.  Scape 
slender,  angled,  enclosed  at  the  base  by  the  leaf-stalks.  Flowers 
racemed,  white,  drooping.  Perianth  bell-shaped,  with  recurved 
lobes.  Stamens  borne  on  the  base  of  the  perianth.  Ovarj 
3-celled,  ripening  into  a  few-seeded  red  berry. 

1.  C.  majalis,  L.  Lily-of-the-vallry.  A  familiär  garden  flower, 
cultivated  from  Europe,  and  also  found  wild  in  mountain  woods 
from  Virginia  to  Georgia. 

XXTTT.    TRILLIÜM,  L. 

Low  herbs  with  the  stem  springing  from  a  short  rootstock. 
Leaves  3,  large,  netted-veined,  in  a  whorl.  Flower  large,  ter- 
minal. Perianth  of  6  parts,  the  3  sepals  unlike  the  3  petals 
in  color  and  in  texture.  Stamens  6,  with  the  linear  anthers 
usually  opening  in  ward,  longer  than  the  filaments.  Stigmas 
3,  sessile,  spreading  at  the  tips.  Ovary  3  or  6-angled,  3-ceIled, 
many-seeded.     Fruit  a  roundish,  many-seeded  purple  berry. 

1.  T.  sessile,  L.  Rootstock  erect  or  ascending,  corm-like.  Stem 
slender,  1-8  in.  high.  Leaves  broadly  oval,  obtiise  or  acute  at  the 
apex,  rounded  and  sessile  at  the  base,  3-5-nerved,  smooth,  bright 
green,  not  mottled.  Flowers  sessile,  sepals  lanceolate,  |-1  in.  long, 
[)etals  purple,  elliptical,  about  the  length  of  the  sepab.  Stamens 
half  the  length  of  the  petals.  Styles  elongated,  straight.  In  rieh 
woods.* 

2.  T.  ünderwoodii,  Small.  Underwood's  Wakk-robin.  Root- 
stock horizontal,  stem  stout,  4-12  in.  high.  Leaves  ovate-lanceolate 
to  broadly  ovate,  acute  or  short  taper-pointed  at  the  apex,  rounded 
and  sessile  at  the  base,  wavy  on  the  margins,  3-5-nerved,  smooth,  * 
prominently  mottled  with  different  shades  of  green.  Flowers  sessile. 
Sepals  lanceolate,  1 J-2  in.  long,  often  purplish  green.  Petals  purple, 
lanceolate  to  oblanceolate,  2-3  in.  long.  Stamens  ^^  the  length 
of  the  petals.  Style  very  short,  stigmas  recurved.  Fruit  an  ovoid 
berry.     In  rieh  woods,* 
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N.TAMii«^.  Rootstock  rather 
ly  diamond-shaped,  tapering 
lot  quite  erect.     Fetals  ovate 

sepals,  of  a  rieh  brownish- 
Stigmas    distinct,  stout,  and 

the  flower  has  given  riae  to 
n  rieh  "woods. 

JE-FLOWERED      WaKE-ROBIN. 

18  in.  high.  Leaves  rhombio- 
uiided  and  sessile  or  slightly 
:h  a  bloom,  5-7-nerved,  bright 
et  or  slightly  declined  flower. 
Petals  white,  fading  to  pink, 
i  than  half  the  length  of  the 
Fruit  a  black,  roundish  berry. 

EiiTE  Trillium.  Plant  2-4  in. 
».  Flower  white,  erect.  Petals 
hy  damp  woods,  blooming  with 

iNTED  Trillium.     Plant  8-12 

rest  of  the  stem,  rather  small ; 

te,  taper-pointed.     Petals  white, 

stripes,  lance-ovate,  somewhat 

ially  N. 

AX,  Toarn. 

ith  prickly  stems,  climbing  by 
j  and  tuberous.  Leaves  alter- 
ted-veined,  petioled,  stipules 
1.  Flowers  regulär,  dioecious, 
nbels.  Perianth  bell-shaped, 
;t.  Ovary  3-celled,  3-6-ovuled, 
0.    Fruit  a  1-6-seeded  globose 


^  LOW  ER.  Stem  herbaceous,  erect, 
1-3  ft.  high.  Leaves  few,  ovate, 
ex,  somewhat  heart-shaped  at  the 
ove,  downy  below,  the  upper  some- 
t-like  ;  petiole  short.  Pedinicles  as 
below  the  petiole.  Umbel  many- 
Berry  blue-black,  2-4-seeded.    Dry, 
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2.  S.  glanca,  Walt.  Green-briek.  Stern  cylindrical,  elender, 
with  scattered  prickles,  branches  angled,  and  nsually  without  prickles. 
Leaves  ovate  or  subcordate,  pointed  at  the  apex,  inoatly  5-nerved, 
smooth,  white  beneath,  with  a  bloom,  margin  entire.  Peduncle 
flattened,  2-3  times  as  long  as  the  petiole,  few-flowered.  Berry 
black,  3-fleeded.     Margin  of  awamps.* 

3.  S.  Bona-Nox,  L.  Bamboo-yine.  Stern  stout,  cylindrical,  or 
ßlightly  angled,  scnrfy  when  young,  armed  with  numerous  stout 
prickles.  Branches  4-angled,  usually  unarmed.  Leaves  triangulär, 
ovate,  or  of  ten  halberd-shaped,  5-7-ribbed,  smooth  on  both  sides  and 
often  discolored,  inargins  usually  fringed  with  fine  prickles.  Pedun- 
des  twice  as  long  as  tbe  petioles,  flattened.  Umbels  many-flowered, 
pedicels  short.  Berries  8-20  in  a  Cluster,  black,  1-seeded.  In  swamps 
and  thickets.* 

4.  8.  Walteri,  Pursh.  Green-brier.  Stem  low,  with  few 
prickles,  2-5  ft.  long,  branches  slightly  4>angled,  unarmed.  Leaves 
oblong-lanceolate  to  oval,  obtuse  or  acute  at  the  apex,  rounded  or 
cordate  at  the  l^ase,  5-ribbed,  smooth.  Peduncles  flattened,  about  as 
long  as  the  petioles  and  pedicels.  Berry  bright  red,  ripening  the 
first  year.     Wet  pine  barrens.* 

6.  S.  rotundifolia,  L.  Green-brier,  Cat-brier,  Dog-brier, 
Horse-brier,  Wait-a-bit.  Stem  green,  strong ;  branchlets,  and 
sometimes  the  branches,  4-angled,  armed  with  stout  hooked  prickles. 
Leaves  ovate  or  round-ovate,  with  a  slightly  heart-shaped  base  and 
an  abruptly  pointed  tip.  Berries  black,  with  a  bloom.  Thickets, 
the  commonest  species  N.  E. 

11.   AMARYLLIDACEJB.     Amaryllis  Family. 

Mostly  smooth  perennial  herbs,  from  bulbs.  Leaves  radi- 
cal,  with  no  distinction  between  petiole  and  blade.  Flowers 
borne  on  a  scape,  nearly  or  quite  regulär.  Stamens  6. 
Style  1.  Tube  of  the  6-parted,  corolla-like  perianth  adnate 
to  the  3-celled  ovary.     Capsule  3-celled,  several-many-seeded. 

I.    ZEPHYRANTHES,  Herb.  1 

Steraless,  from  a  coated  bulb.  Leaves  linear,  fleshy.  Scape 
erect,  l-few-flowered.  Flowers  large,  erect,  or  declined,  sub- 
tended  by  a  1-2-leaved  spathe.  Perianth  6-parted,  naked  in 
the  throat,  tube  short,  segments  petal-like,  spreading.  Stamens 
free,  anthers  versatile.     Ovary  3-celled,  many-ovuled.     Style 
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_       Fruit   a  many-aeeded, 

iii.v>  Hulbs  about  1  in,  in 
ove,  Bnioitt!i,  itöually  longer 
l-flowered*  Spatbe  l-leaved, 
tin^efl  with  (*iuk  or  piirple, 
Ao liger  than  tlie  tulje^  ahorter 
iboae,  seedd  angkd.     In  ric^h. 

IS,  L. 

f  froiTi  a  thin,  diy  spathe* 
her  crown  on  the  throat  of 
th  souiewliat  cjlindrical,  the 
*eading,    S  tarnen  s  6,  ingerted 


fObiL.  Daffy*  Eastek-flowkr^ 
flower ;  liibi?  of  pf^riarith  8 hört 
tiTgin.  t^ultivat^d  froni  Kuro|i<*. 
CiiiNK*m  Sackkd  Lily.  Rulb 
m\fi  att*K'bed  t<i  ittä  Imat'.  Scapi* 
va\^  viiiibpbil,  fragraiit.  Ft^rinnth 
alUer  B|Hi:'ndin^,  fiindy  scallopedi 
i\  Clüna. 

Bci!*sir:*.  Sciipe  l-flowered*  Peri- 
lIMHTQttT  t!dg^d  with  pink.    Cuiti- 

:poxib,  l. 

Leaves  grass-liket  hairy,  frora 
ad-like,  few-flowerfid.  Periaoth 
ä  oiiter  divisioiis  greeniah  on  the 
[  mtlmxug  on  tbe   pod.     Seeds 


*ss.  LfiÄTea  Innger  tban  tb<*  «cape, 
t  h&irs.  i^cape  il-S  in»  bigh.  Flowers 
J1A',     Coatmo«  in  meadow»  and  drv 


u 
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I,  flower ;  II,  seed,  longitudinal  section  ;  III,  flower  with  outer  Segments  of 
perianth  removed  ;  atig.f  Stigma,  ov.,  ovary. 


\(\%)) 


Fig.  7.  —  Iris. 


I,  flower,  longitudinal  section,  or.,  ovary ;  II,  diagram,  showing  Stigmas 
ppposite  the  stamens ;  III,  capsule,  Splitting  between  the  partitions. 


LANTS 


4S 


)r  rootstocks,  Leaves 
^lar  or  irregulär,  each 
parted,  the  tube  adher- 
ies  of  3  each,  equal,  or 
.stinct  or  uiiited,  oppo- 
ig  a  3-celledj  3^ngled| 


he  corm*    Tube  of  the 
divisions   all   alike  or 


*&  linear.     Stigma b  ahort* 
mi  gardeiv  flow  er.     Culti- 


^01 


lorizontal,  sometimea 
Ghed.  Leaves  linear  or 
3US,  tlie  outer  perianfch 
n  bearded  withiu,  the 
ect.  Btiimens  inserted 
le  deeply  3-parted,  the 
g  the  stameiis.  Fruit 
-seeded  ciapsule.* 

.  Rootstock  thick^  hori- 
r  Lranched»  ieafj,  2-ii  fL 
nerved^  mth  a  blooin,  the 
BraiTti  lotiger  than  the 
together,  blue  variegafced 
Segments  not  bearded ^ 
longer  than  the  iriflat«d 
>bed,  äeeds  2  rowi  in  each 

ioQt.sto(3k   thiek,    ijmtt^'il. 
tii      Leaves   Btrap-Bhaped, 
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acute,  erect,  shorter  than  the  stem,  bracts  scarious.  Flowers  sessile, 
large  and  showy,  blue,  variegated  with  white  and  yellow,  soinetimes 
nearly  all  white,  outer  segnients  large,  i*ecurved,  bearded,  the  inner 
narrower,  erect,  or  arched  in  ward.  Introduced  from  Europe  ;  com- 
mon in  gardens  and  naturalized  in  many  places.*  . 

3.  I.  folya,  Ker.  Yellow  Flag.  Rootstock  fleshy.  Stem  sim- 
ple or  branched,  grooved,  1-angled  below,  bearing  2-3  leaves,  2-3  ft. 
high.  Leaves  linear,  sword-shaped,  with  a  bloom,  shorter  than  the 
stem,  bracts  small.  Pedicels  short,  flowers  azillary  aud  terminal, 
duU  yellow  or  reddish-brown,  variegated  with  blue  and  green,  peri- 
anth  Segments  not  bearded.  Style  branches  but  little  exceeding 
the  Btamens,  ovary  about  as  long  as  the  inflated  perianth  tube. 
Capsole  ovate,  6-angled.     Swamps  and  wet  places.* 


m.    SISYRHiNCUiUH,  L. 

Small,  grass-like  perennials.  Sterns  erect,  flattened,  or 
winged.  Roots  fibrous.  Leaves  linear  or  lanceolate.  Flowers 
small,  blue,  quickly  withering,  in  terminal  2-bracted  umbels. 
Perianth  coroUa-like,  of  6  bristle-pointed  segments,  tube 
nearly  or  wbolly  lacking.  Staiüens  3,  completely  monadel- 
phous.  Stigmas  3,  thread-like.  Fruit  a  nearly  globular 
3-angled  capsule.     Species  too  difficult  for  the  beginner. 


18.   ORCHIDACEJB.     Orchis  Family. 

Perennial  herbs  with  simple  stems,  often  arising  from  bulbs 
or  tubers.  Leaves  simple,  usually  alternate  and  entire.  Flow- 
ers perfect,  generally  showy,  often  extraordinarily  irregulär. 
Perianth  of  6  divisions,  adnate  to  the  1-celled  ovary.  Stamens 
1  or  2,  united  with  the  pistil ;  pollen  of  comparatively  few 
grains  held  together  in  masses  by  cobweb-like  threads,  Ovary 
1-celled,  containing  many  (sometimes  raore  than  a  million) 
very  minute  ovules. 

The  faniily  is  a  difficult  one,  and  most  of  the  genera  are 
so  rare  that  specimens  should  not  be  coUected  in  large  num- 
bers  for  class  study.  Two  of  the  most  familiär  genera  are 
Ci/pripediiim,  or  lady^s  slipper,  and  Spiranthes^  or  lady's  tresses. 
Many  of  the  genera  are  tropica!  air-plants  like  Part  I,  Fig.  13. 
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pifch ;  the  fibro-vaseular 
Db  live  over  froiii  year 
ingSj  traverijed  at  riglit 
atted-veined,  Parts  of 
Cotyledons  2  (rarely 


Family, 


B  in  catkius  (Ch.  XIII), 
k  l-celled  pod,  with 
^loüg  ;md  silky  down, 
rted  by  the  wiad. 


i 


.gs  mor@  or  les?  angled. 

catkins,  which  appear 
ä  'irregularly  cut  toward 
tigmas  2-4,      Capsulas 


kßPKsr,  QuAtEi^u  Äfip.     A 

;all  ri'gular  teeth.  Leiif* 
;'bt  iin^les  to  the  bronU 
^ewise  with  the  least  per» 

üTHED  P<.n*J.AH,  A  tree 
bnrk  ;  leaves  H-'j  in.  Itiiig*, 

sb  ts  shf^il  US  !»ööii  Hä  the 
ttteiied,  hiit  not  iiearly  us 

BraiifhHS  oiily  slightly 
he  üitet,  round  eil  or  suli- 
eeth,  dtUÄely  wüoUy  when 
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yonng,  but  becoming  smooth  with  age  ;  petioles  cylindrical.  Pistil- 
late  catkins  smooth,  erect,  or  spreading,  loosely  flowered.  Capsole 
ovoid,  usually  shorter  than  the  pedicel.  Coramon  in  river  swamps. 
A  large  tree  with  soft  light  wood,  which  is  often  used  in  making 
cheap  furniture.* 

4.  P.  monilifera,  Alt.  Cottonwood.  A  large  and  very  rapidly 
growing  tree,  75  to  100  or  more  feet  in  height,  often  with  a  raarkedly 
excurrent  trank.  Leaves  large  and  broadly  triangulär,  with  crenate- 
serrate  margins  and  long,  tapering  acute  tips  ;  petioles  long  and 
considerably  flattened.  The  numerous  pediceled  capsules  are  qiiite 
conspicuous  when  mature,  and  the  air  b  filled  with  the  downy 
seeds  at  the  time  when  the  capsules  open.  Common  W.,  espe- 
cially  along  streams  and  planted  as  a  shade-tree. 


n.    SALIX,  Toam. 

Shrubs  or  trees,  brancbes  usually  very  slender.  Buds  with 
Single  scales.  Leaves  usually  long  and  narrow ;  stipules  some- 
times  leaf-like  or  often  small  and  soon  deciduous.  Bracts 
of  the  catkins  entire ;  staminate  catkins  erect  or  drooping, 
staminate  flowers  with  2-10,  mostly  2,  distinct  or  united 
stamens.  Pistillate  catkins  usually  erect,  flowers  with  a  small 
gland  on  the  inner  side  of  the  bract,  Stigmas  short,  2-lobed. 
Capsule  2-valved.* 

1.  S.  nigra,  Marsh.  .Black  Willow.  Leaves  elliptical  or  nar- 
rowly  lanceolate,  acute  at  each  end,  serrate,  short-petioled,  downy 
when  young  and  becoming  smooth  with  age,  2-3  in.  long ;  stipules 
persistent  or  deciduous.  Staminate  catkins  1-2  in.  long ;  the  pistil- 
late 2-4  in.  long.  Stamens  3-7,  distinct,  iilaments  soft,  hairy  below. 
Capsule  twice  the  length  of  the  pedicel,  ovate,  taper-pointed,  poiuted 
by  the  prominent  style.  A  small  tree  with  very  brittle  branches. 
Along  streams  and  borders  of  marshes.* 

2.  8.  babylonica,  Tonrn.  Weeping  Willow.  Leaves  narrowly 
lanceolate,  taper-pointed,  serrate,  slightly  downy  when  young  and 
becoming  smooth  with  age,  green  above,  pale  beneath,  often  5-7  in. 
long,  petioles  short,  glandulär.  Catkins  on  short  lateral  branches. 
Stamens  2.  Style  almost  none.  Capsule  sessile,  smooth.  Introduced 
and  cultivated  for  omaraent,  becoming  a  large  tree.* 

[Some  20  species  of  willow  are  found  growing  wild  in  the  north- 
eastern  and  north  central  states,  but  they  a^e  very  hard,  even  for 
botanists,  to  identify.] 


1.ANTS 


49 


f£RY  Family, 

•esioous-dotted    leaves ; 

Short,  bracted  catkins, 

10,  stamens  iiiserted  on 

rroimded  hy  2-6  Bcales. 


inches  düstere d  at  tlie 
season.  Leaves  short- 
e  maTgin  usually  revo- 
!,  SUiminate  rtowers  in 
ns  2-lOj  with  the  fila- 
rs  ßurrounded  by  a  cup 
pg  a  1-celled,  roimdish 
1  waxv  grainSi     Wh  wie 

A  apreadingihruh  cir 
ißoeolate  or  bbloiig- 
vt  the  most  ly  oHtuse  apex, 
pering  into  a  short,  petiole. 
dns  numeroujif  Btaniens  I, 
sbed,  scales  of  the  ovary  4, 
y  abundant,  incruBteil  with 
peTsis teilt  for  2  or  *^  jears. 

rBt* 
A  »hrub  2  ft.  or  less  in 
te,  linear-lancedate,  SO-^^IO- 
en  mounßcioun,  Staminate 
>btil»r,  Ovary  ßiirrounded 
;liinclular  aeulj^a  whi*^h  im- 
L,  smooth,  sniallf  biit  eateu 


NüT  Family. 

leavea  without  stipoles. 
in  long  and  droopliig 
yx  2-6-parted.    Fertile 
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flowers  solitary  or  in  small  Clusters.  Calyx  3-5-lobed,  minute 
petals  sometimes  present.  Ovary  1-celled  or  incompletely 
2-4-celled.     Fruit  with  a  dry  husk  enclosing  a  bony  nut,* 

I.    JUGLANS,  L. 

Staminate  catkins  cylindrical,  solitary,  borne  on  wood  of 
the  previous  year,  stamens  numerous,  filaments  short,  calyx 
4-6-parted.  Pistillate  flowers  single  or  a  few  together  on  a 
Short  peduncle  at  tlie  base  of  the  growth  of  the  season.  Calyx 
4-parted.  Petals  4,  minute,  adnate  to  the  ovary.  Styles  2, 
short,  plumose.  Fruit  large,  roundish  or  oval,  husk  fibrous- 
fleshy,  becoming  dry,  indehiscent,  nut  bony,  very  rough.* 

1.  J.  nigra,  L.  Black  Walnut.  Leaflets  13-21,  ovate-lanceo- 
late,  serrate,  taper-pointed,  soniewhat  cordate  or  oblique  at  the  base, 
nearly  smooth  above,  downy  beneath,  petioles  minutely  downy. 
Fruit  usually  single,  roundish,  about  2  in.  in  diameter.  On  rieh 
soil,  rare  near  the  coast.  One  of  the  most  valuable  of  our  native 
trees,  the  wood  being  very  durable  and  highly  prized  for  cabinet 
work.* 

2.  J.  cinerea,  L.  Butternut.  Leaflets  15-19,  ovate-lanceolate, 
taper-pointed  at  the  apex,  rounded  or  slightly  unsymmetrical  at  the 
base,  serrate,  downy  beneath ;  petioles,  branchlets,  and  fruit  clothed 
with  short,  sticky  hairs.  Fruit  often  soniewhat  in  Clusters,  oblong, 
large.  More  common  north  ward.  Wood  less  valuable  and  nut  less 
oily  than  the  black  walnut.  The  i^nglish  walimt  (J.  regia)  is 
occasionally  seen  in  cultivation.  It  has  7-11  leaflets  and  a  nearly 
smooth  nut.* 

n.    CARYA,  Nun. 

Leaflets  serrate ;  staminate  catkins  usually  in  threes  on  a 
common  peduncle,  or  sometimes  sessile  at  the  base  of  the 
growth  of  the  season ;  calyx  2^3-parted,  stamens  3-10,  fila- 
ments short.  Pistillate  flowers  2-5  in  terminal  Clusters, 
calyx  4-parted,  petals  none,  styles  2  or  4,  fringed.  Fruit 
somewhat  globular,  husk  separating  more  or  less  completely 
into  4  valves.     Nut  smooth  or  angled  * 

1.  C.  olivaeformis,  Nutt.  Pecan.  A  large  tree  with  rough  gray 
bark,  yoimg  twicrs  and  leaves  downy,  nearly  smooth  when  mature. 
Leaflets  11-15,  oblong-lanceolate,  acuminate,  serrate,  scythe-shaped. 
Staminate  catkins  nearly  sessile,  5-6  in.  long.     Husk  thin  nut  oval 
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spike-like,  each  psdr  of  flowers  subteDded  by  a  deciduous 
bract,  and  each  flower  by  a  persistent  bractlet  which  becomes 
large  and  leaf-like  in  fruit ;  ovary  2-celled,  2^vuled ;  Stigmas 
2,  thread-like.     Fruit  a  small  angular  nut* 

1.  C.  carolinUna,  Walt.  Hornbeam.  A  small  tree  with  smooth 
and  close  gray  bark ;  twigs  elender.  Leaves  ovate-oblong,  acute  or 
taper-pointed,  sharply  and  doubly  serrate,  the  straight  veins  terminat- 
ing  in  the  larger  serrations ;  downy  when  young  and  Boon  becoming 
smooth.  Staminate  catkins  1-1^  in*  long.  Pistillate  catkins  long- 
peduncled,  8-12-flowered  ;  bractlets  becoming  nearly  1  in.  long,  cut- 
toothed,  the  middle  tooth  much  longer  than  the  others.  In  rieh, 
moist  woods.     Often  known  as  "  blue  beech "  and  "  iron-wood."  * 


n.    0STR7A,  HicheU. 

Small  trees  with  gray  bark  and  very  hard  wood.  Leaves 
open  and  concave  in  the  bud  and  somewhat  plaited  on  the 
veins.  Staminate  flowers  on  slender,  drooping  catkins,  sessile 
at  the  end  of  the  growth  of  the  previous  season ;  stamens 
3-12,  subtended  by  a  bract,  filaments  forked,  anthers  hairy. 
Pistillate  flowers  surrounded  by  a  tubulär  bractlet  which 
becomes  large  and  bladder-like  at  maturity.  Fruit  a  small, 
pointed,  smooth  nut;  mature  catkins  hop-like.* 

0.  virginica,  Willd.  A  small  tree  with  brownish,  fnrrowed  bark  ; 
leaves  ovate,  acute,  doubly  serrate,  often  inequilateral  at  the  base, 
short-petioled  ;  staminate  and  fertile  catkins  2-3  in.  long.  In  rieh 
woods.     Often  known  as  "  iron-wood  '*  and  "  lever-wood."  * 


nL    CORTLUS,  Tottxn. 

Shrubs  with  prominently  veined,  cut-toothed  leaves  which 
are  folded  lengthwise  in  the  bud.  Flowers  expanding  before 
the  leaves.  Staminate  flowers  in  slender,  drooping  catkins ; 
stamens  8,  anthers  1-celled.  Fertile  flowers  several  in  a 
Cluster  or  in  very  short  catkins  at  the  ends  of  the  twigs  of 
the  season ;  ovary  incompletely  2-celled,  style  short,  Stigmas 
2,  bractlets  2,  becoming  enlarged  and  enclosing  the  Single 
bony  nut  at  maturity.* 

1.  C.  americana,  Walt.  Hazelnüt.  A  shrub  2-5  ft.  high,  young 
twi^s  and  petioles  covered  with  brownish,  stiflf  hairs.     Leaves  not 
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and  tmncate  base,  unevenly  twice  serrate,  with  rather  long,  slender 
petioles,  which  allow  the  leaves  to  quiver  like  those  of  the  aspen. 
Bark  scaling  ofF  in  white  strips  and  layers,  but  not  in  nearly  as 
large  sheets  as  that  of  the  rarer  canoe  birch  (B.  jmpyriferd).  The 
commonest  birch  of  New  £n<>;land. 

4.  B.  alba,  L.  European  White  Birch,  Clt-leaved  Birch. 
A  tree  50  to  60  ft.  high,  often  with  drooping  branches.  Leaves 
triangular-ovate,  truncate,  rounded  or  somewhat  heart-shaped  at 
the  base,  not  strongly  taper-pointed  except  in  the  cut-leaved  form. 
Commonly  cultivated  from  Eurojie.  Resembles  No.  3,  but  has 
whiter  bark  and  (the  weeping  form)  much  more  slender  branches. 


V.    ALNUS,  Toam. 

Shrubs  or  small  trees.  Leaves  petioled,  serrate.  Flower- 
buds  stalked,  appearing  the  previous  season ;  starainate  cat- 
kins  racemed,  drooping,  flowers  3-6  in  the  axil  of  each  bract, 
subtended  by  1-2  bractlets,  periantli  4-parted,  stamens  4,  fila- 


Fhi.  8.  —  AlfiHB  ylutinosa. 

A,  a  floweriiiR  tvrig  ;  «,  staminate  catkin«  ;  p,  pistlllate  catkins ;  Ä,  a  group  of 
staminate  flowers,  enl&rged  ;  C,  two  pistillate  flowen,  enlarged. 
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ments  short.  Pistillate  catkins  erect ;  flowers  2-3  in  the  axil 
of  each  bract,  perianth  replaced  by  2-4  minute  bractlets  which 
are  adherent  to  the  bract ;  ovary  2-celled,  styles  2.  Fruit  a 
winged  or  angled  nut ;  bracts  of  the  pistillate  flowers  some- 
what  fleshy,  persistent,  becoming  woody  in  fruit.* 

1.  A.  sermlata,  Willd.  Smooth  Alder.  A  shrub  or  small  tree 
with  smooth  bark.  Leaves  obovate,  rounded  or  obtuse  at  the  apex, 
acute  at  the  base,  sharply  and  niinutely  serrate,  smooth  above,  downy 
beneath,  petioled,  stipules  oval,  deciduous.  Stamiuate  catkin»  2-4 
in.  long ;  fruiting  catkins  ovoid,  8hort^j)eduncled.  Fruit  ovate,  wing- 
less.  Banks  of  streams  and  borders  of  marshes,  ranging  far  S. 
Leaves  often  persistent  during  the  winter.* 

2.  A.  incana,  Willd.  Speckled  Alder.  A  shrub  8-20  ft.  high, 
leaves  broadly  oval  or  ovate,  rounded  at  the  base,  sharply  (some- 
times  doubly)  serrate,  white  and  usually  downy  beneath.  Fruit 
round.     Forming  thickets  by  streams,  very  common  N. 


18.     FAGACEJB.     Beech  Family. 

Trees  or  shrubs.  Leaves  alteruate,  simple,  pinnately 
veined ;  stipules  deciduous.  Flowers  monoecious,  the  stami- 
nate  in  heads,  or  in  drooping,  spreading,  or  erect  catkins, 
calyx  minute,  petals  none,  stamens  4-20.  Pistillate  flowers 
solitary  or  in  small  Clusters,  each  flower  subtended  by  more 
or  less  united  bracts  which  at  maturity  form  a  cup  or  bur, 
calyx  minutely  toothed,  petals  none ;  ovary  2-7-celled,  but 
becoming  1-celled.     Fruit  a  1-seeded  nut.* 

I.    FAGÜS,  Toum. 

Trees  with  smooth,  close,  ash-gray  bark,  and  slender,  often 
horizontal  branches.  Staminate  flowers  in  long,  slender- 
peduncled,  roundish  Clusters,  calyx  bell-shaped,  4-6-cleft, 
stamens  8-12,  anthers  2-celled;  pistillate  flowers  solitary  or 
more  often  in  pairs,  peduncled,  surrounded  by  a  4-lobed  in- 
volucre  and  numerous  linear  bracts ;  ovaries  3-celled  with  2 
ovules  in  each  cell,  but  usually  only  1  ovule  matures  in  each 
ovary ;  styles  3,  thread-shaped,  fruit  a  thin-shelled,  3-angled 
nut* 
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1.  F.  femiginea,  Ait.  Beech.  Large  trees.  Leaves  oblong-ovate, 
taper-pointed  at  the  apex,  serrate,  straight-veined,  very  white-eilky 
when  young,  nearly  smooth  with  age.  Involucre  deusely  covered 
with  Short  recurved  spines.  Nuts  thin-ehelled,  edible.  Common  on 
damp  soll  everywhere.  The  wood  is  very  hard,  tough,  and  close- 
grained,  and  is  esi)ecially  valuable  for  the  manufactmie  of  small 
tools.* 

2.  F.  sylyaticay  L.  The  European  beech  is  occasionally  found 
planted  as  a  shade-tree.  The  variety  known  as  the  copper  beech 
is  most  usual,  and  is  readily  recognized  by  its  dark,  crimson-purple 
leaves. 

n.    CASTANEA,  Tonm. 

Trees  er  shrubs  with  rough,  gray,  rather  close  bark.  Leaves 
straight-veined,  undivided,  prominently  toothed.  Flowers  ap- 
pearing  later  than  the  leaves.  Staminate  catkins  erect  or 
spreading,  loosely  flowered,  flowers  several  in  the  axil  of  each 
bract,  calyx  4-6-parted,  stamens  8-16.  Pistillate  flowers  at 
the  base  of  the  staminate  catkin  or  in  small  separate  Clus- 
ters, usually  3  in  each  involucre  ;  ovary  4-celled,  surrounded 
by  5-12  abortive  stamens.  Fruit  a  1-celled  nut  enclosed  in 
the  greatly  enlarged  and  very  prickly  involucre.* 

1.  C.  sativa,  Hill.,  var.  americana,  Wats.  American  Chestnut. 
A  large  tree,  bark  somewhat  rough,  and  Splitting  into  longitudinal 
plates.  Leaves  oblong-lanceolate,  taper-pointed  at  the  apex,  usually 
acute  at  the  base,  coarsely  and  sharply  serrate  with  ascending 
teeth,  smooth,  dark  green  above,  lighter  below;  petioles  stout, 
Short.  Staminate  catkins  erect,  6-10  in.  long.  Nuts  usually  3  in 
each  bur.  Rieh  soil,  especially  N.  Rarely  found  on  soils  contain- 
ing  much  lime.* 

2.  C.  ptunila,Mill.  Chinquafin.  A  small  tree  or  shrub.  Leaves 
oblong,  acute  or  obtuse  at  both  ends,  serrate  with  divergent  teeth, 
dark  green  and  smooth  above,  white-wooUy  below.  Nuts  solitary, 
nearly  globular.     Common  southward  in  rieh  woods.* 


m.  QinsRCüs,  L. 

Trees  or  shrubs  with  entire,  serrate,  or  lobed  leaves,  which 
are  often  persistent.  Staminate  flowers  in  slender  catkins, 
each  subtended  by  quickly  deciduous  bract s,  and  consisting 
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B,  Fruit  annual;  leaves  not  bristle-tipped,  though  often 
mucronate. 

6.  Q.  alba,  L.  White  Oak.  A  large  tree  vvith  light  gray  bark. 
Leaves  obovate-oblong,  3-9-lobed,  lobes  rounded  and  mostly  entire, 
bright  green  above,  paler  below,  short-petioled.  Cup  heiuispherical, 
scaies  rough,  wooUy  when  young,  but  becoming  smooth  with  age ; 
acorn  oblong-ovate,  about  1  in.  long.  Common  in  damp  soil ;  wood 
streng  and  durable ;  one  of  the  mo8t  valuable  timber  trees.* 

7.  Q.  steUata,  Wang.  Post  Oak.  A  tree  of  medium  size  with 
rough  gray  bark.  Leaves  broadly  obovate,  deeply  lyrate-pinnatified 
into  5-7  rounded,  divergent  lobes,  Upper  lobes  much  the  longer, 
smooth  above,  yellowish-downy  beneath,  petioles  about  1  in.  long. 
Cup  hemispherical,  nearly  sessile ;  acorn  ovoid,  2-3  times  as  long  as 
the  cup.     On  dry  soil ;  woöd  hard  and  valuable. 

8.  Q.  macrocarpa,  Michz.  Bur  Oak.  A  medium-sized  to  very 
large  tree,  with  roughish  gray  bark.  Leaves  obovate  or  oblong, 
lyrately  and  deeply  sinuate-lobed,  smooth  above,  pale  or  downy 
beneath.  Cup  very  deep  and  thick,  abundantly  fringed  about  the 
margin,  |  in.  to  2  in.  in  diameter.  Acorn,  half  or  more  [sometimes 
entirely]  enclosed  by  the  cup.  Reaches  its  füll  size  only  on  rieh 
bottom  lands  S.  and  AV.,  where  it  becomes  one  of  the  finest  timber 
oaks.     Wood  very  hard  and  heavy. 

9.  Q.  lyrata,  Walt.  Swamp  Oak.  A  large  tree  with  gray  or 
reddish  bark.  Leaves  obovate-oblong,  deeply  pinnatifid,  lobes 
narrow,  often  toothed,  thin,  smooth  above,  white,  densely  woolly 
beneath.  Cup  round-ovate,  scaies  cuspidate,  enclosing  nearly  the 
whole  of  the  depressed-globose  acorn.  On  wet  soil ;  wood  strong 
and  very  durable.* 

10.  Q.  prinus,  L.  Swamp  Chestnut  Oak.  A  large  tree  with 
brown,  ridged  bark.  Leaves  oblong  or  oblong-lanceolate,  rather  ob- 
tuse,  crenately  toothed,  niinutely  downy  beneath,  petioles  siender, 
about  1  in.  long.  Cup  hemispherical,  peduncles  longer  than  the 
petioles,  scaies  acute,  tubercular,  appressed  ;  acorn  oblong,  acute, 
1  in.  or  less  in  length,  edible.  Common  on  low  ground.  Wood 
strong  and  valuable.* 

11.  Q.-  Muhlenbergii,  Engelm.  Yellow  Chestnut  Oak.  A 
tree  of  medium  or  large  size  with  gray  bark.  Leaves  oblong  or 
oblanceolate,  usually  acute  at  the  apex  and  obtuse  or  rounded  at  the 
base,  coarsely  and  evenly  toothed ;  veins  straight,  impressed  above 
and  prominent  beneath  ;  petioles  alender.  Cup  hemispherical,  sessile 
or  short-peduncled,  with  flat  scaies,  J  in.  broad,  enclosing  about  half 
the  ovoid  acorn,  which  is  §-f  in.  long.  Common  on  dry  soil,  wood 
close-grained,  durable,  and  valuable. 

12.  Q.  virginiana,  Hill.     Live  Oak.     A  large  tree  with  rough 
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1.  U.  americaiu,  L.  White  Elm.  A  large  tree  with  gray  bark, 
drooping  branches,  and  smooth  or  slightly  downy  twigs.  Leaves 
OTal  or  obovate,  abniptly  taper-pointed  at  the  apex,  obtuBe  and 
oblique  at  the  base,  slightly  rough  above,  soft  downy  or  soon  smooth 
beneath.  Flowers  in  close  fascicles,  peduncles  slender,  smooth. 
Fruit  oval  or  obovate,  with  2  sharp  teeth  bending  toward  each 
other  at  the  apex,  wing  reticulate-veised,  downy  on  the  margin. 
In  moist,  rieh  soil.  A  widely  planted  omamental  tree;  wood 
strong  but  warping  badly,  and  not  durable  when  exposed.* 

2.  U.  alata,  Michx.  Winged  Elm.  A  small  tree  with  branches 
corky-winged.  Leaves  snialL,  ovate-lanceolate,  acute,  sharply  serrate, 
base  nearly  equal-sided,  rough  above,  downy  beneath,  nearly  sessile. 
Flowers  in  small  Clusters.  Fruit  oblong,  downy  on  the  sides,  ciliate 
on  the  edges.  On  rieh  soil.  Occasionally  producing  a  second  set  of 
flowers  and  fruit  from  Sept^ml)er  to  November.* 

3.  U.  fulya,  Michx.  Slippery  Elm.  A  tree  of  medium  size 
with  rough  downy  twigs,  and  rusty,  densely  wooUy  bud-scales. 
Leaves  large,  thick,  very  rough  above,  downy  beneath,  ovate  or 
obovate,  taper-pointed  at  the  apex,  unsymmetrical,  obtuse  or  some- 
what  cordate  at  the  base,  coarsely  and  doubly  serrate,  calyx-lobes 
and  pedicels  downy.  Fruit  broadly  oval,  downy  over  the  seed,  the 
wing  smooth.  Inner  bark  very  fragrant  when  dried,  and  a  populär 
domestic  remedy.* 

n.    CELTIS,  Toam. 

Trees  or  shrubs  with  entire  or  serrate,  petioled  leaves. 
Flowers  greenish,  axillary,  on  wood  of  the  same  season,  the 
staminate  in  small  Clusters,  the  fertile  Single  or  2-3  together.* 

1.  C.  occidentalifl,  L.  IIackberry.  A  large  or  raedium-sized 
tree  having  much  the  appeaTance  of  an  elm,  bark  dark  and  rough. 
Leaves  ovate,  tai^er-pointed  at  tlie  apex,  abruptly  obtuse  and  inequi- 
lateral  at  the  base,  sharply  serrate,  often  3-nerved  from  the  base. 
smooth  above,  usually  soinewhat  downy  below.  Fruit  a  small,  dark 
purple  stone  fruit.     On  rieh  soil. 

2.  C.  mississippiensis,  Bosc.  Southern  Hackberrt.  A  tree 
usually  smaller  than  the  preceding,  bark  gray,  often  very  warty. 
Leaves  broadly  lanceolate  or  ovate,  long  taper-pointed  at  the  apex, 
obtuse  or  sometimes  heart-shaped  at  the  base,  entire  or  with  very 
few  serratiires,  smooth  on  both  sides,  3-nerved.  Fruit  a  purplish* 
black,  globose  stone  fruit.* 
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20.   MORACBJB.     Mulbekry  Family. 

Trees,  shnibs,  or  herbs,  usually  with  milky  juice,  alternate 
leaves,  large  deciduous  stipules  and  small  monoecious  or  dicB- 
cious  flowers  crowded  in  spikes,  heads  or  racemes,  or  enclosed 
in  a  fleshy  receptacle.  Staminate  flowers  with  a  3-4-lobed 
calyx,  stamens  3—4,  inserted  on  the  base  of  the  calyx,  fila- 
ments  usually  inflexed  in  the  bud,  straightening  at  maturity. 
Pistillate  flowers  3-5-sepalous  ;  ovary  1-2-celled,  1-2-ovuled  ; 
styles  2,  receptacle  and  perianth  often  fleshy  at  maturity.* 

I.    HORÜS,  Tonm. 

Trees  or  shrubs  with  milky  juice,  rounded  leaves,  and 
monoecious  flowers  in  axillary  spikes.  Staminate  flowers 
with  a  4-parted  perianth,  and  4  stamens  inflexed  in  the  bud. 
Pistillate  flowers  with  a  4-parted  perianth  which  becomes 
fleshy  in  the  multiple  fruit,  the  pulpy  part  of  which  consists 
of  the  thickened  calyx,  bracts  and  so  on  of  many  flowers ; 
ovary  sessile,  Stigmas  2,  linear,  spreading  ;  the  fleshy  perianth 
enclosing  the  ovary  at  maturity,* 

1.  M.  rubra,  L.  Red  Mulberry.  A  small  tree.  Leaves  cor- 
date-ovate,  often  3-5-lobed  on  vigorous  shoots,  taper-pointed  at  tbe 
apex,  serrate,  rough  above,  white,  densely  wooUy  beneath.  Mature 
fruiting  spikes  oblong,  drooping,  dark  red  or  purple,  edible.  On  rieh 
seil.     Wood  very  durable,  bearing  exposure  to  the  weather. 

2.  M.  alba,  L.  White  Mulberry.  A  small  tree.  Leaves 
ovate,  heart-shaped,  acute  at  the  apex,  rounded  and  often  oblique  at 
the  base,  serrate  or  sometimes  lobed.  Smooth  and  shining  on  both 
sides.  Mature  fruit  light  red  or  white.  Introduced  and  common 
about  old  dwellings.* 

n.    MACLURA,  Natt. 

A  small  tree  with  milky  juice.  Leaves  alternate,  petioled, 
spines  axillary.  Flowers  dioecious.  Staminate  flowers  in 
Short  axillary  racemes  ;  calyx  4-parted  ;  stamens  4,  inflexed 
in  the  bud.  Pistillate  flowers  in  axillary,  peduncled,  capitate 
Clusters  ;  calyx  4-parted,  ovaty  sessile,  style  long ;  calyces 
becoming  thickened  and  fleshy  in  fruit  and  aggregated  into  a 
large,  dense,  globular  head.* 
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1.  M.  anrantiaca,  Nutt.  Osage  Orange.  A  small  tree  with  ridged, 
yellowish-brown  bark.  Leaves  minutely  do',my  wheu  young,  becom- 
ing  smooth  aud  shining  with  age,  ovate  or  ovate-oblong,  taper- 
pointed  at  the  apex,  obtuse  or  subcordate  at  the  base,  entire,  petioled. 
Staminate  racenies  about  1  in.  long.  Pistillate  flower  Clusters  about 
1  in.  in  diameter.  Fruit  yellowish,  tubercled,  3-4  in.  in  diameter. 
In  rieh  soil.  Native  in  Texas  and  extensively  planted  for  hedges. 
Wood  very  durable  when  exposed  to  the  weather,  and  therefore  used 
for  fence  posts.  As  the  wood  does  not  sweD  or  shrink  with  changes 
in  its  moisture,  it  is  highly  valued  for  wheel  hubs,  etc.* 

m.    BROÜSSONETIA,  L'Her. 

Small  trees  with  milky  juice.  Leaves  alternate,  petioled  ; 
flowers  dioecious.  Staminate  in  cylindrical  spikes,  with  a 
4-cleft  calyx,  4  stamens,  and  a  nidimentaiy  ovary,  Pistil- 
late flowers  in  capitate  Clusters.  Calyx  3-4-toothed.  Ovary 
stalked,  style  2-cleft,  fruit  in  a  globular  head.* 

1.  B.  papyrifera,  Vent.  Paper  Mulberry.  A  round-topped  tree 
with  yellowish-brown  bark.  Leaves  cordate,  often  irregidarly  2-3- 
lobed,  serrate,  rongh  above,  dowuy  beneath,  long-petioled,  Stami- 
nate spikelets  peduncled,  2-3  in.  long.  Pistillate  heads  stout,  pedun- 
cled,  about  1  in.  in  diameter.  Introduced  from  Asia  and  very 
common  S.  about  old  dooryards  * 

IV.    CANNABIS,  Toun. 

Coarse  herbs  with  very  tough,  fibrous  bark.  Leaves  usu- 
ally  opposite,  palmately  Compound.  Flowers  small,  dioecious, 
greenish,  the  staminate  ones  in  Compound  racemes  or  panicles, 
the  pistillate  ones  in  spikes.  Calyx  of  the  staminate  flowers 
of  6  sepals,  that  of  the  pistillate  flowers  of  1  large  sepal 
which  Covers  the  ovary  and  the  akene. 

1.  C.  sativa,  L.  Common  Hemp.  An  erect  plant,  4-8  ft.  high. 
Leaves  large,  petioled,  of  5-7  lanceolate,  irregularly  serrate  or 
toothed  leaflets.  Cultivated  from  Europe,  S.  and  W.,  for  its  über, 
and  Bometimes  runs  wild  along  roadsides  in  rieh  soil. 


21.   ÜRTICACEA.     Nettle  Family. 

Herbs  with  watery  juice,  stem  and  leaves  often  clothed 
with  stinging  hairs.     Leaves  undivided,  stipulate.     Flowers 


64  FüUNDATlONS  ÜF  BOTANY 

anthers  transversely  2-celled.  Pistillate  flowers  with  the 
calyx-tube  adnate  to  the  ovary,  stigma  sessile,  berry 
l-seedecL* 

1.  P.  flavescens,  Nutt.  American  Mistletoe.  Veryround,buahy; 
branches  very  brittle  at  the  joitits,  opposite  or  whorled,  6  in.  to  2  ft. 
long.  Leaves  Hat,  leathery,  or  somewhat  fleshy,  nearly  veinless, 
obovate,  entire,  with  short  petiolea.  Flowering  spikes  eolitary  or 
2-3  together  in  the  axils  of  the  leaves.  Berry  roundish,  white, 
glutinous.     Parasitic  on  many  deciduous  trees.* 

28.   SANTALACEA.     Sandalwood  Family. 

Herbs,  shrubs,  or  trees  with  entire  leaves.  Flowers  usually 
small.  Calyx  4-6-cleft,  its  tube  adnate  to  the  ovary.  CoroUa 
wanting.  Stamens  as  many  as  the  calyx-lobes  and  opposite 
them,  inserted  on  the  margin  of  a  fleshy  disk.  Style  1.  Ovary 
1-celled,  with  2-4  ovales  borne  at  the  top  of  a  free  central 
placenta.     Fruit  1-seeded. 

COMANDRA,  Natt. 

Low,  smooth  perennials  with  herbaceous  stems,  rather 
Woody  below,  often  parasitic.  Leaves  alternate  and  nearly 
sessile.  Flowers  nearly  white,  in  small  umbel-like  Clusters, 
perfect.  Calyx  bell-shaped  at  first.  Stamens  borne  on  a 
ö-lobed  disk  which  surrounds  the  pistil,  anthers  connected 
by  a  tuft  of  hairs  to  the  calyx-lobes. 

1.  C.  umbellata,  Nutt.  Bastard  Toad-flax.  Plant  8-10  in. 
high,  with  very  leafy  stems.  Iloots  attached  to  the  roots  of  trees, 
from  which  they  draw  nourishnient.  Leaves  oblong  or  oblanceolate, 
pale,  nearly  1  in.  long.  Umbel-like  Clusters  about  3-flowered,  longer 
than  the  leaves.     Rocky,  dry  woods. 

24.   ARISTOLOCHIACEA.     Dutchman's  Pipe  Family. 

Herbaceous  plants,  stemless  or  with  twining  and  leafy 
stems.  Leaves  alternate,  without  stipules,  petioled,  mostly 
roundish  or  kidney-shaped.  Flowers  axillary,  solitary  or 
clustered,  perfect,  regulär  or  irregulär.     Calyx  tubulär,  3  or 
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6  lobed,  usually  colored.   Petals  none.   Stamens  6-12,  inserted 
on  the  ovary.    Pistils  1,  ovary  mostly  6-celled,  many-seeded.* 

I.    ASARUM,  Toam. 

Perennial,  stemless,  aromatic  herbs,  with  slender,  branch- 
ing  rootstocks.  Leaves  long-petioled,  from  kidney-shaped  to 
haJberd-shaped.  Plowers  axillary,  peduncled.  Calyx  regulär, 
3-lobed,  withering-persistent.  Stamens  12,  the  filaments  par- 
tially  united  with  the  style  and  usually  prolonged  beyond  the 
anthers.  Ovary  6-celled  with  parietal  placentsB,  many-seeded. 
Mature  capsule  roundish,  often  somewhat  fleshy.* 

1.  A.  canadenae,  L.  Wild  Ginger.  Plant  soft,  hairy.  Leaves 
2,  large,  kidney-shaped,  on  long  petioles,  with  the  flower  borne  on  a 
Short  peduncle  between  them.  Flower  greenish  outside,  brownish- 
purple  inside.  Calyx-tube  wholly  adnate  to  the  ovary,  calyx-lobes 
taper-pointed,  widely  spreading,  reflexed  at  the  tip.  Rieh,  shady 
woods,  common  N. 

2.  A.  yirginicum,  L.  Virginia  Asarcm.  Leaves  evergreen,  1-3 
to  each  plant,  smooth,  mottled,  round-cordate,  entire,  2-3  in.  long 
and  broad;  petioles  smooth  or  downy  along  one  aide,  3-7  in.  long. 
Flowers  nearly  sessile,  greenish  without,  dull  purple  within,  |-|  in. 
long,  tube  inflated  below,  narrow  at  the  throat,  lobes  spreamng. 
Rieh,  shady  woods.* 

n.    ARISTOLOCHU,  Toorn. 

Erect  or  twining  perennial  herbs  or  woody  vines.  Leaves 
altemate,  heart-shaped  at  the  base,  palmately  nerved,  petioled, 
entire.  Flowers  irregulär,  solitary,  or  in  small  Clusters. 
Calyx  more  or  less  adnate  to  the  ovary,  tubulär,  irregulär. 
Stamens  mostly  6,  sessile,  adnate  to  the  angled  and  fleshy 
3-6-lobed  or  angled  stigma.  Capsule  naked,  6-valved,  seeds 
very  numerous.* 

1.  A.  Sipho,  L'Her.  Dutchman's  Pipe,  Pipe  Vine.  A  tall 
elimber.  Leaves  dark  green,  smooth,  round-kiduey-shaped,  some- 
tinies  1  ft.  wide.  Peduncles  l-flqwered,  with  a  Single  clasping  bract. 
Calyx  1 J  in.  long,  bent  into  the  shape  of  a  pipe,  its  border  abruptly 
spreading,  brownish-purple.     Rieh  woods,  often  ciütivated, 

2.  A.  tomentosa,  Sims.  Dutchman's  Pipe.  Stern  woody,  climb- 
ing  high,  branches  and  leaves  densely  woolly.  Leaves  heart-shaped, 
prominently  veined,  3-5  in.  long   and  broad.      Flowers   axillary, 
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mostly  solitary,  on  elender  peduncles.  Calyx  bent  in  the  shape  of 
a  pipe,  yellowish-green  with  a  dark  purple  throat,  limb  unequally 
3-lobed,  rugose,  reflexed.  Anthers  in  pairs  below  the  3  spreading 
lobes  of  the  stigma.  Capsule  oblong.  Sterns  sometimes  30  ft.  long. 
Eich  woods  S.* 

26.  POLYGONACEJB.     Buckwheat  Family. 

Herbs  with  altemate,  entire  leaves  and  usually  with  sheath- 
ing  stipules  above  the  s wollen  joints  of  the  stem.  Flowers 
apetalous,  generally  perfect,  with  a  3~6-cleft  calyx,  generally 
colored  and  persistent.  Fruit  a  compressed  or  3-angled  akene, 
enclosed  in  the  calyx.  Seeds  with  endosperm,  which  does  not 
generally  enclose  the  embryo.  Stamens  4-12,  on  the  base  of 
the  calyx. 

I.    RUMBX,L. 

Goarse  herbs,  many  of  them  troublesome  weeds.  Flowers 
small,  usually  green  or  greenish,  generally  in  whorls  bome  in 
panicled  racemes.  Calyx  of  6  nearly  distinct  sepals,  the  3 
inner  larger  and  more  petal-like  than  the  3  outer,  and  one 
or  more  of  them  usually  with  a  little  knob  or  tubercle  on  its 
back.  Stamens  6.  Styles  3.  Stigmas  short,  fringed.  Fruit 
a  3-angled  akene,  closely  covered  by  the  3  inner  calyx-lobes, 
enlarged  and  known  as  valves. 

1.  R.  Acetosella,  L.  Shkkp  Sorrel.  Erect  annual  or  perennial 
herbs  with  creeping  rootstocks.  Stem  simple  or  branched,  smooth. 
Leaves  petioled,  narrowly  halberd-shaped,  usually  widest  above  the 
middle,  the  apex  acute  or  obtuse,  upper  stem-leaves  often  nearly 
linear  and  not  lobed.  Flowers  dioecious,  small,  in  terminal,  naked, 
panicled,  interrupted  racemes.  Calvx  greenish ;  the  pistillate  pani- 
des  becoming  reddish.  Fruit  less  than  j^  in.  long,  granulär,  longer 
than  the  calyx.  A  common  introduced  weed,  in  dry  fields  and  on 
sour  soils.     Foliage  very  acid.*  • 

2.  R.  yerticillatus,  L.  Swamp  Dock.  Perennial,  stem  stoat, 
smooth,  erect  or  ascending,  3-5  ft.  tall.  Lower  leaves  oblong, 
obtuse  at  the  apex  and  usually  heart-shaped  at  the  base,  long- 
l)etioled,  often  12-18  in.  long,  upjier  leaves  narrower  and  often 
acute  at  both  ends.  Flowers  j^erfect  or  somewhat  monoecious,  in 
dense  whorls,  pedicels  slender,   ^-|   in.    long,  tapering  down  ward, 
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reflexed  at  maturity.  Calyx  green,  the  valves  broadly  triangulär, 
abruptly  pointed,  reticulated,  a  distinct  long  and  narrow  tubercle  on 
the  back  of  each.     Swamps  and  wet  ground.* 

3.  R.  crispos,  L.  Yellov^  Dock.  Stout,  smooth,  3-4  ft.  high.  ^ 
Leaves  lanceolate,  margins  very  wavy,  acute,  the  lower  more  or  less 
heart^haped.  Root  long,  tapering  gradually  downward,  yellow, 
very  tough.  Flowers  in  whorls  crowded  in  long,  straight,  slender 
racemes.  Valves  roundish  heart-shaped,  mostly  tubercled.  A  very 
hardy  weed,  introduced  from  Europe. 


n.    POLYGONÜM,L. 

Annual  or  perennial,  terrestrial  or  aquatic  herbs,  with 
enlarged  joints  and  simple,  alternate,  entire  leaves;  the 
sheathing  stipules  often  cut  or  fringed.  Flowers  perfect, 
usually  white  or  rose-colored,  each  flower  or  Cluster  subtended 
by  a  membranaceous  bract,  similar  to  the  stipules  of  the 
leaves.  Calyx  mostly  5-parted,  the  divisions  petal-like,  erect 
and  persistent.  Stamens  3-9.  Styles  2-3-parted.  Fruit 
lens-shaped  or  3-angled.* 

1.  P.  ayicalare,  L.     Knot-orass.     Annual  or  perennial.     Stem 
prostrate  or  ascending,  diffuse,  smooth,  6-24  in.  long.    Leaves  sniall, 
lanceolate  or  linear-oblong,  obtuse,  nearly 
or  quite  sessile.    Stipides  thin  and  dry,  2-3- 
cleft  or  cut.     Flower-clusters  axillary,  1-5- 
flowered,  fiowers  inconspicuous,  nearly  ses- 
sile.     Calyx  greenish-white,  5-parted,  the 
lobes  with  white  or  colored  borders.  Stamens 
5-8.     Style  3-parted ;  akene  3-angled,  not 
shining.    A  common  weed  in  dooryards  and  A  B 
where  the  ground  is  trampled.*                             Fio.  lo.— Buckwheat. 

2.  P.  Dumetorum,  L.  Falsk  Bück-  A^  flower,  longitudinal  sec- 
WHEAT.  Perennial ;  stems  slender,  twining,  *»o»  J  ^;  ^«"uit  (both  some- 
branched,  2-10  ft.  long.  Leaves  ovate,  ^'»»«*  «»^^g«^)- 
taper-pointed,  heart-shaped  to  halberd-shaped  at  the  base,  long- 
petioled.  Stipules  cylindrical,  truncate.  Flowers  in  axillary,  more 
or  less  Compound  and  leafy  racemes.  Calyx  greenish-white,  the 
outer  lobes  winged  and  forming  a  margin  on  the  pedicel.  Stamens 
8.  Stigmas  3 ;  akene  3-angled,  black,  smooth,  and  shining.  Margins 
of  fields  and  thickets.* 
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26.   CHBNOPODIACBJB.     Goosefoot  Familt. 

Herbs  or  shrubs.  Leaves  simple,  alternate,  without  sti- 
pules.  Flowers  smaJl,  regulär,  either  perfect  or  more  or 
less  monoecious  or  dioecious.  Calyx  free  from  the  ovary. 
CoroUa  wanting.  Stamens  usually  6,  opposite  the  sepals. 
Styles  or  stigmas  generally  2.  Fruit  with  1  seed,  usually 
euclosed  in  ä  small,  bladdery  sac,  sometimes  an  akene. 

I.    SPINACIA,  Toani. 

Herbs.  Flowers  dioecious,  in  close  axillary  Clusters.  Stami- 
nate  flowers  3--5-sepaled,  with  4  or  5  projecting  stamens. 
Pistillate  flowers  with  a  tubulär  2-toothed  or  4-toothed  calyx. 

1.  S.  oleraoea,  Hill.  Spinach.  A  soft  annual  or  biennial  herb. 
Leaves  triangulär,  ovate,  or  halberdnshaped,  petioled.  Cultivated 
from  Asia  as  a  pot-herb. 

n.    CHENOPODIUM,  Tonm. 

Annual  or  perennial  herbs.  Sterns  erect  or  spreading. 
Leaves  alternate,  usually  white-mealy.    Flowers  small,  green- 


FiG.  n.  —  Chenopod\ 
A,  flowor  ;  Ä,  fruit. 

ish,  in  panicled  spikes.  Calyx  3-5-parted,  the  lobes  often 
slightly  fleshy  and  keeled.  Stamens  6  ;  filaments  thread- 
shaped.  Styles  2-^j  distinct  or  united  at  the  base.  Seed 
lens-shaped.* 
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MOLLUGO,  L. 

Low  branching  annuals.  Sepals  5,  greeuish  outside,  white 
inside.  Corolla  wanting.  Stamens  5,  alternate  with  the 
sepals,  or  3,  alternate  with  the  cells  of  the  ovary.  Capsula 
3-celled,  many-seeded. 

1.  H.  yerticillata,  L.  Carpet-weed.  Sterns  branching  and 
forining  radiating  patches.  L#eave8  clustered  in  apparent  whorls  at 
the  joints  of  the  Btem,  spatulate.  Flowers  in  little  sessile  umbels  at 
the  joints.  Stamens  eommonly  3.  A  troublesome  weed  in  sandy 
soll  and  common  on  sandy  beaches  and  river  banks. 


29.  PORTULACACEiB.     P^rslane  Family. 

Generally  herbs.  Leaves  opposite  or  alternate,  entire; 
stipules  dry  and  membranaceous.  Sepals  2.  Petals  4  or 
more,  distinct  or  united  below.  Stamens  4  or  more,  free  or 
adnate  to  the  petals.  Ovary  usually  free,  1-celled;  style 
simple  or  3-cleft ;  ovules  2-many.  Capsule  opening  trans- 
versely  with  a  lid,  or  2^-valved. 

I.    CLATTONIA,  Qronov. 

Perennial ;  stem  simple,  smooth,  erect,  4-10  in.  high. 
Leaves  2,  opposite,  smooth,  succulent.  Flowers  in  a  terminal 
raceme.  Sepals  2,  ovate,  persistent.  Petals  5,  sometimes 
coherent  at  the  base.  Stamens  5,  inserted  on  the  base  of 
the  petals.     Style  3-cleft,  ovary  1-celled,  3-6-seeded. 

1.  C.  virginica,  L.  Spring  Beauty.  Stem  simple,  erect  from  a 
deep,  tuberoiis  root.  The  2  stera-leaves  narrowly  elliptical,  3-6  in. 
long,  smooth,  fleshy;  basal  leaves  occasionally  produced.  Flowers 
on  short  pedicels.  Petals  white  or  pink,  with  darker  veins,  J— J  in. 
long,  notched.    Capsule  shorter  than  the  ]>ersistt»ut  sepals.    Common 

.in  rieh  woods.* 

2.  C.  caroliniaiui,  Hichz.  Northern  Spring  Beauty.  Flowers 
fewer,  smaller,  and  whiter  than  No.  1,  fragrant.  Leaves  1-2  in. 
long,  ovate-lanceolate  or  spatulate,  pretty  distinctly  petioled.  Moist 
Woods,  especially  N. 
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SepdU   more   or   less    united.      Petals  with    claws.      Capsule   several- 
many-seeded. 

(a)  Calyx  without  bracts,  its  lobes  long  and  leaf-like. 

Agrostemma,  IV. 
(h)  Calyx  without  bract«,  lobes  not  leaf-like.     Styles  3  or  4. 

Silene,  V. 

(c)  Calyx  without  bracts,  lobes  not  leaf-like.  Styles  5  (rarely  4). 

Lychnis,  VI. 

(d)  Calyx  with  little  bracts  at  the  base.     Styles  2. 

Dianthus,  VIT. 

I.    STELLARIA,  L.    Chickweed.  ^ 

Slender,  usually  smooth  herbs.  Flowers  small,  white,  soli- 
tary,  or  in  forking  cymes.  Sepals  5  (rarely  4).  Petals  5 
(rarely  4),  2-cleft  or  divided.  Stamens  10  (rarely  8,  5,  or  3), 
maturing  in  2  sets.  Styles  3  (rarely  4  or  5),  opposite  the  same 
number  of  petals;  ovary  1-celled,  many-ovuled.  Capsule 
Short,  Splitting  into  as  many  valves  as  there  are  styles. 

1.  S.  media,  Cyrül.  Common  Chickweed.  Stem  prostrate, 
6-18  in.  long,  with  a  line  or  two  of  hairs  along  it.  Leaves  oyate, 
taper-pointed,  the  lower  petioled,  the  upper  sessile.  Petals  shorter 
than  the  sepals,  sometinies  wanting.  An  annual  weed,  introduced 
from  Europe,  common  in  damp,  shady  places  N. 

2.  S.  longifolia,  Huhl.  Long-leaved  Stitchwort.  Stem 
slender,  usually  erect,  8-18  in.  high,  often  sharply  4-angled.  Leaves 
linear  or  nearly  so,  spreading.  Flower-clusters  peduncled,  many- 
flowered,  the  pedicels  spreading.  Petals  2-parted,  at  length  longer 
than  the  calyx.  Perennial  in  meadows  and  grassy  thickets,  espe- 
cially  N. 

n.    CERASTIUM,  L. 

•  Annual  or  perennial.  Stems  diffuse,  usually  downy  ;  leaves 
opposite.  Flowers  white,  peduncled,  in  terminal,  regularly 
forking  cymes.  Sepals  4-5.  Petals  4-5,  notched  or  2-cleft. 
Stamens  10.  Styles  5  or  less.  Capsule  cylindrical,  1-celled, 
many-seeded.* 

1.  C.  Yulgatum,  L.  Mouse-ear  Chickweed.  Annual  or  some- 
times  perennial.      Stems  diffuse,   tuited,   clammy-downy,  6-12  in. 
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1.  S.  CocaliftliiSy  WibeL  Snappers,  Rattlebox.  A  perennial 
branched  herb  about  1  ft.  high.  Leaves  opposite,  smooth,  ovate,  or 
ovate-lanoeolate.  Calyx  thin  and  bladdery,  beautifulJy  veined. 
Petals  white,  2-cleft.  Capsule  nearly  globular.  In  fields  and  along 
roadsides,  especially  eastward.     Introdaced  from  Europe. 

2.  S.  pennsylTanica,  Michz.  Wild  Pink.  A  pei*ennial  with  low 
clnstered  stems  (4-8  in.).  Rootrleaves  wedge-shaped  or  spatulate, 
those  of  the  stera  lanceoh&te.  Flowers  luedium-sized,  clusteied. 
Petals  wedge-shaped,  notched,  pink,  with  a  crown  at  the  tfaroat  of 
the  corolla.     Gravelly  soil  E. 

3.  S.  Tirginica,  L.  Fire  Pink.  A  slender  perennial  with  erect 
stem,  1-2  ft.  high.  Root-leaves  spatulate,  the  Upper  leaves  oblong- 
lanceolate.  Flowers  few,  peduncled,  large  and  showy,  bright  crim- 
son.     Corolla  erowned,  petalä  deeply  2-cleft.     Woods. 

4.  S.  Armeria,  L.  Catchfly,  Xone-so-pretty.  A  smooth,  erect 
annual  or  biennial,  6-15  in.  high.  Several  nodes  of  the  stem  are 
usually  covered  for  part  of  their  length  with  a  sticky  substance. 
I^aves  very  smooth,  with  a  bloom  beneath,  lanceolate  or  oblong- 
lanceolate,  clasping.  Flowers  showy,  dark  pink,  nearly  ^  in.  in 
diameter,  in  flat-topped  Clusters.  Calyx  club-shaped.  Petals  some- 
what  uotched.     Cultivated  from  Europe  and  introduced. 

5.  S.  antirrhina,  L.  Sleepy  Catchfly.  Stem  smooth,  slender, 
8-30  in.  high,  sticky  in  spots.  Leaves  lanceolate  or  linear.  Flowers 
rather  few  and  small,  panicled.  Calyx  ovoid.  Petals  inversely 
heart-shaped,  pink,  oi)eniiig  only  for  a  short  tirae  in  sunshine.  Dry 
waste  ground. 

6.  S.  noctiflora,  L.  Night-flowering  Catchfly.  Atall,  coarse 
annual  or  biennial  weed,  covered  with  sticky  hairs.  Lower  leaves 
spatulate,  the  Upper  ones  lanceolate  and  pointed.  Flowers  large, 
white,  opening  at  night  or  in  cloudy  weather.  Calyx-teeth  very  long 
and  awl-shaped.  Petals  2-parted.  In  fields  and  gardens,  introduced 
from  Europe. 

VI.    LYCHHIS,L. 

Planta  with  nearly  the  same  characteristics  as  Silene,  but 
usually  with  5  styles. 

1.  L.  chalcedonica,  L.  Scarlkt  Lychnis,  London  Pride.  A 
taU,  hairy  perennial  (about  2  ft.).  Leaves  lance-ovate,  somewhat 
clasping.  Flower-cluster  flat-topped  and  very  dense.  Flowers 
bright  scarlet,  not  very  large.  Petals  2-lobed.  Common  in  old 
gardens ;  from  Russia. 

2.  L.  coronaria,  Lam.  Mullkin  Pink.  A  forking  perennial 
plant,  2  ft.  high,  covered  with  white,  cottoiiy  down.  Root-leaves 
very  wavy,  spatulate  ;  stein-leaves  ovate-lauceolate,  wavy,  clasping. 
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I.    NELÜMBO,  Tomn. 

Kootstock  large  and  stout.  Leaves  round,  shield-shaped, 
often  raised  above  the  water.  Flowers  large,  raised  above 
water  at  first,  but  often  submerged  after  blooming.  Sepals 
and  petals  hypogynous,  numerous,  the  inner  sepals  and  outer 
petals  not  distinguishable  from  each  other.  Stamens  many, 
hypogynous.  Pistils  several,  1-ovuled,  borne  in  pits  in  the 
flattish  Upper  surface  of  a  top-shaped  receptacle,  which  en- 
larges  greatly  in  fruit. 

1.  N.  lutea,  Pers.  Americax  Lotus.  Water  Chinquapin. 
Rootstock  often  3-4  in.  in  diameter,  horizontal.  Leaves  1J-2J  ft. 
broad,  prominently  ribbed,  with  much  bloom  above,  often  downy 
beneath.  Petioles  and  peduncles  stout.  Flowers  pale  yellow,  5-Ö 
in.  broad.  Sepals  and  petals  falling  quickly.  Fruit  top-shaped, 
8-4  in.  in  diameter ;  the  seeds  J  in.  in  diameter.  In  ponds  and 
slow-runniug  streams  W.,  introduced  from  the  Southwest.* 

n.    NTMPHJEA,  Touin. 

Rootstock  horizontal,  creeping  extensively.  Leaves  float- 
ing,  entire,  shield-shaped  or  heart-shaped.  Flowers  showy. 
Sepals  4,  green  without,  white  within.  Petals  many,  white, 
becoming  smaller  towards  the  center.  Stamens  many,  the 
outer  with  broad  and  the  inner  with  linear  filaments.  Ovary 
many-celled,  Stigmas  shield-shaped  and  radiating.  Fruit  berry- 
like,  many-seeded.* 

1.  N.  odorata,  Alt.  White  Water-lily.  Rootstock  large. 
branched  but  little.  Leaves  floating,  entire,  the  notch  narrow,  and 
basal  lobes  acute,  green  and  smooth  above,  purple  and  downy 
beneath.  Petioles  and  peduncles  slender.  Flowers  white,  verv 
fragrant,  opening  in  the  morning,  3-5  in,  broad.  Fruit  globose, 
seeds  enclosed  in  a  membranaceous  sac.     In  x)onds  and  still  water.* 

m.    NUPHAR,  Smith.  ' 

I 

Rootstock  horizontal,   thick,   cylindrical.      Leaves   heart-  i 

shaped,   floating  or  erect.      Flowers   yellow.      Sepals   4-6,  I 

green  on  the  outside,  obovate,  concave.     Petals  many,  hypogy-  I 

nous,  the  inner  ones  becoming  small  and  stamen-like.     Sta-  I 

mens   many,   hypogynous.     Ovary   cylindrical,   many-celled,  ' 

Stigma  disk-shaped.     Fruit  ovoid.*  ' 
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(«)  Sepals  5,  white.     Flowen  axillary  and  terminal.     Pods 
2-8everal-6eeded.  Isopymm,  III. 

(/)  Sepals  white  or  colored.     Planta  not  climbing.     Akenes 
more  or  less  tailed  with  the  styles  in  fruit. 

Anemone,  IX. 

(g)  SepaU    5-10,   white.      Flowers  in    an    umbeL      Roots 
tuberons.  Anemonella,  XI. 

L    PAOVIA,L. 

Perennial ;  f rem  tbick,  fleshy  roots  ;  stems  shrubby  or  her- 
baceous.  Leaves  mueh  divided.  Flowers  terminal,  large  and 
showy.  Sepals  5,  leaf-like  and  persistent.  Petals  5  or  more. 
Pistils  3-5  ;  ovaries  surrounded  by  a  disk.* 

1.  P.  offlcinalis,  L.  Garden  PiEONY.  Herbaceous;  flowering 
stems  1-2  ft.  high.  Leaves  ample;  leaflets  lance-ovate,  cut  or 
incised,  smooth.  Flowers  double,  white  or  red.  Follicles  2,  erect, 
many-seeded.     Common  in  gardens.* 

n.    CALTHA,L. 

Smooth  perennials  with  large,  roundish  leaves.  Sepals 
petal-like,  6-9.  Petals  none.  Pistils  5-10,  eacb  consisting 
of  a  1-celled  ovary  with  a  nearly  sessile  stigma.  Fruit  a 
many-seeded  foUicle. 

1.  C.  palustris.    Marrh  Marigold,  Cowslips,  Meadow  Bütter- 

cüP  (both  the  latter  unsuitable  naraes,  but  in  common  use).  Stern 
hüllow,  sraooth,  ascending ;  leaves  smooth,  rouudish  and  heart- 
shaj)e(l,  or  kidney-shaped,  with  crenate,  dentate,  or  nearly  entire 
margins;  the  broad  oval  sepals  bright  yellow.  Swamps  or  wet 
grouiid. 

m.    ISOPYRUM,  L. 

Small,  smooth  herbs.  Leaves  2-3  times  Compound,  in 
threes  ;  the  leaflets  2-3-lobed.  Flowers  peduncled,  white. 
Sepals  6,  petal-like,  soon  falling.  Petals  wanting  (in  our 
species).     Stamens  10-40.     Pistils  3-6  or  more. 

1.  I.  bitematum,  Torr,  and  Gr.  A  delicate,  erect  plant,  with  alter- 
iiate  branches,  looking  niuch  like  Anemonella,  with  clustered  stems 
Crom  perennial  tuberous  roots.     Damp  woods. 
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Vn.    DELPHINIÜM,  Toam. 

Annual  or  perennial  herbs  ;  stem  erect,  simple,  or  branched. 
Leaves  alternate,  petioled,  palmately  divided.  Flowers  in  ter- 
minal racemes  or  panicles,  showy.  Sepals  5,  colored,  irregu- 
lär, the  Upper  one  prolonged  into  a  spur.  Petals  4,  unequal, 
the  two  Upper  ones  with  long  spurs  which  are  enclosed  in  the 
spur  of  the  upper  sepal,  the  other  two  short-stalked.  Pistils 
1-5 ;  ovaries  many-seeded.* 

1.  D.  tricorney  Hichz.  Dwarf  Larkspur.  Perennial.  Stem 
simple,  f  rom  a  tuberous  root,  usually  low  ( J  to  1  ft.  high),  but  some- 
times  2  ft.  high.  Leaves  deeply  5-parted,  the  divisions  irregularly 
3-5-cleft.  Racemes  few-flowered,  loose.  Flowers  blue,  sometimes 
white.     Pods  diverging.     Southward. 

2.  D.  azureum,  Michz.  Blue  Larkspur.  Perennial.  Stem 
usually  simple,  slender,  downy,  1-2  ft.  high.  Leaves  2-3  in.  wide, 
JJ -5-parted,  the  divisions  cleft  into  3-5  narrow,  toothed,  or  entire 
lobes.  Flowers  in  a  strict,  many-flowered,  terminal  raceme,  showy, 
blue  or  whitish.  Spur  ascending,  curved  ;  lower  petals  bearded,  2- 
cleft.   Pods  erect.   On  rieh  or  rocky  soil  in  open  plfi^ces.    Northward.* 

vm.  ACOinrüM,  l. 

Erect,  perennial  herbs.  Leaves  alternate,  palmately  lobed 
or  cut.  Flowers  irregulär,  in  panicles  or  racemes.  Sepals  5, 
the  back  one  large,  arched,  and  hooded,  the  front  one  the 
narrowest.  Petals  2-5,  small,  the  2  back  ones  clawed  and 
covered  by  the  hood  of  the  sepals  ;  3  lateral  ones  small 
or  wanting.     FoUicles  3-5.     Seeds  many,  wrinkled. 

1.  A.  Napellus,  L.  Monkshood.  An  erect,  poisonous  plant, 
1-2  ft.  high.  Raceme  simple  and  densely  flowered.  Flowers  dark 
blue.     Cultivated  from  Europe. 

IX.    ANEMONE,  Toam. 

Perennial  herbs,  usually  with  radical  leaves,  and  2  or  3 
opposite  or  whorled  stem-leaves,  constituting  an  involucre 
some  distauce  below  the  flower  or  flower-cluster.  Sepals  few 
or  numerous,  colored  and  petal-like.  Petals  usually  wanting. 
Akenes  pointed,  or  with  long,  feathery  tails. 

1.  A.  patens,  var.  nuttalliana,  Gray.  Pasque  Flower.  Low 
plants,  1  in.  to  1  ft.  high,  clothed  with  long,  silky  hairs.    Leaves 
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XI.    AirEMONELLA,  Spach. 

Small,  perennial  herbs.  Leaves  Compound,  smooth,  tbose 
f  rom  the  root  long-petioled,  those  of  the  stem  sessile.  Flowers 
in  a  terminal  umbel,  slender-pediceled.  Sepals  petal-like. 
Petals  none.     Pistils  4-15  ;  Stigmas  sessile,  truncate.* 

1.  A.  thalictroides,  Spach.  Rue  Anemone.  Stem  Blander,  6-10  in. 
high,  froni  a  Cluster  of  tuberous  roota.  Radical  leaves  long-petioled, 
twice  Compound  in  threes,  leaflets  oval,  heart-shaped,  3-5-lobed. 
Stem-leaves  2-3  Compound  in  threes  whorled,  the  long-stalked  leaf- 
lets veiny,  forming  an  involucre  of  6-9  apparently  simple  leaves. 
Flowers  3-6  in  au  umbel,  J- J  in.  wide ;  sepals  6-10,  white.  In  rieh 
woods.* 

Xn.    CLEHATIS. 

Perennial  herbs  or  slightly  woody  vines,  usually  climbing 
by  the  leaf-stalks.  Leaves  opposite,  simple,  or  Compound. 
Sepals  4,  petal-like.  Petals  very  small  or  wanting.  Pistils 
numerous,-  tipped  by  the  persistent  styles  which  often  become 
long  and  plumose  in  fruit.* 

1.  C.  crispa,  L.  Marsh  Clematis.  Stem  climbing,  a  little 
Woody  below,  slightly  downy  above,  3-5  ft.  high.  Leaves  pinnately 
Compound;  leaflets  5-7,  varying  from  lanceolate  to  ovate,  thiu, 
entire,  or  3-5-lobed.  Flowers  showy,  perfect,  solitary,  on  long,  axil- 
lary  peduncles.  Sepals  lanceolate,  tai)er-point€d,  thick,  wavy  on  the 
margins,  twice  the  length  of  the  stamens,  light  bluish-purple,  1-1  i 
in.  in  length.  Tails  of  the  ri|>ened  akenes  1  in.  long,  silky.  Rieh 
woods  and  river  banks  S.* 

2.  C.  viornÄ,  L.  Leather  Flower.  Stem  climbing,  nearly 
smooth,  6-10  ft.  long.  I^eaves  usually  pinnately  Compound,  the 
lowest  pair  often  Compound  in  threes  and  the  Upper  pair  simple. 
Leaflets  usually  5-7,  oblong-ovate  or  oval,  acute,  firm,  entire,  or 
lobed.  Calyx  bell-shaped.  nodding  ;  sepals  ovate,  taper-pointed  with 
a  Short,  recuned  jx)int,  thick  and  leathery,  reddish-purple,  1  in.  long. 
Tails  of  the  akenes  plumose,  1 J  in.  long,  brownish.  On  river  banhi 
and  rieh  soil.* 

Xm.    RANUNCITLUS,  Toum. 

Annual  or  perennial  herbs.  Leaves  alternate,  usually 
deeply  lobed  or  parted.  Flowers  axillary  or  in  corymbs, 
white  or  yellow.     Sepals  3-5.     Petals  3-5,  flat,  with  a  small 
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XIV.    THALICTRÜM,  L. 

Erect  perennial  berbs.  Leaves  Compound,  witb  stipules. 
Flowers  in  panicles  or  racemes,  often  somewhat  monoßcious 
or  dioBcious,  wind-fertilized.  Sepals  4-5,  petal-like.  Petals 
none.  Stamens  many.  Carpels  few  or  many  ;  ovule  1.  Fruit 
a  small  liead  of  akenes.  [Tbe  foUowing  species  are  botb 
usually  dioecious.] 

1.  T*  dioicnm,  L.  Early  Meadow  Rue.  Plant  1-2  ft.  high, 
smooth  and  pale  or  with  a  bloom.  Leaves  all  petioled,  most  of  them 
thrice  compouud  in  threes  ;  leaflets  thin  and  delicate,  roundisb,  3~7- 
lobed.  Flowers  in  sleuder  panicles,  purplish  or  greenish  ;  staminate 
ones  with  slender,  thread-like  filaments,  from  which  hang  the  con- 
spicuous  yellowish  anthers.     Rocky  woods  and  hillsides. 

2.  T.  polygamum,  Huhl.  Tall  Meadow  Rue.  Steins  from 
fibrous  roots,  tall  and  coarse,  nearly  or  quite  smooth,  4-8  ft.  tall. 
Leaves  twice  Compound,  those  of  the  stem  sessile,  the  others  long- 
petioled  ;  leaflets  oval  or  oblong,  often  cordate,  smooth  or  downy 
beneath,  quite  variable  in  size  on  the  same  plant.  Flowers  small, 
in  large  panicles.  Sepals  4  or  5,  white.  Filaments  club-shaped. 
Akenes  short-stalked.     Thickets  and  meadows  £. 


SS.   BERBERIDACEiB.     Barberry  Family. 

Herbs  or  shrubs.  Leaves  alternate,  simple  or  Compound, 
usually  without  stipules.  Sepals  petal-like.  Petals  bypogy- 
nous,  distinct,  their  number  some  multiple  of  2,  3,  or  4,  never 
of  5.  Stamens  one  opposite  each  petaJ,  anthers  opening  by 
2  uplifted  lids.  Pistil  1,  1-celled,  ovules  2  or  more.  Fruit 
a  berry  or  capsule. 

I.    BERB£RIS,L. 

Spiny  shrubs  with  yellow  wood.  Leaves  spinous-toothed, 
jointed  on  the  very  short  petiole,  often  reduced  to  3-7-cleft 
spines.  Flowers  in  racemes,  solitary,  or  in  pairs.  Sepals 
8-9,  the  outer  minute.  Petals  6,  each  with  2  nectar  glands 
at  the  base.  Stamens  6.  Ovules  few.  Berry  l-2-8eeded ; 
seeds  bony-coated. 

1.  B.  vulgaris,  L.  Common  Barberry.  A  shrub  4-6  ft.  high. 
Leaves   obovate,   spinous-serrate  ;    those    on   the   old  shoots  mere 
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stamens  hypogynous.  Calyx  and  corolla  colored  alike,  the 
parts  of  the  perianth  forming  3  or  more  circles  of  3  parts 
each.  Stamens  many.  Carpels  many^  usually  cohering  over 
tbe  long  receptacle  and  forming  a  sort  of  cone-sbaped  fnüt, 
which  may  be  either  flesby  or  dry. 

I.    MA6N0LIA. 

Aromatic  trees  or  sbrubs  ;  leaves  alternate,  often  in  Clus- 
ters at  tbe  ends  of  tbe  brancbes,  entire,  usually  tbick  and 
leatbery ;  stipules  large,  quickly  deciduous  ;  flowers  termi- 
nal, sbowy,  perfect ;  sepals  3,  caducous  ;  petals  6-12,  in  2-4 
rows,  concave ;  stamens  numerous ;  ovaries  numerous,  1-celled, 
2-seeded,  tbe  mature  foUicles  opening  at  tbe  beak,  and  tbe 
flesby  seeds  remaining  for  some  time  suspended  by  slender 
tbreads.* 

1.  M.  grandiflora,  L.  Largr-flowered  Magnolia.  A  large 
tree  with  spreiuiing  branches  and  a  rounded  top ;  bark  nearly 
Binooth.  Leaves  very  thick,  evergreen,  smooth  and  sbining  above, 
rusty-downy  beneath,  entire,  oval  or  oblong,  6-9  in.  long.  Flowers 
wbite,  very  f  ragrant,  6-9  in.  in  diameier.  Petals  9  or  more,  obovate, 
concave.  Fruit  a  rusty-downy  cone  8-4  in.  long,  seeds  brigbt  scarlet. 
Common  on  light  soils  in  Arkansas  and  the  Giilf  States.* 

2.  M.  Fraaeri,  Walt.  Long-leaved  Umbrella  Tree.  A  small 
tree  with  a  slender  trunk  and  widely  spreading  branches.  Leaves 
clustered  at  the  ends  of  the  branches,  deciduous,  oblong  or  obovate, 
contracted,  cordate  and  eared  at  the  base,  smooth  on  botb  sides, 
8-12  in.  long  ;  petioles  slender.  Flowers  white  and  fragrant,  6  in. 
broad.  Petals  long«r  than  the  sepals,  spatulate  or  oblong,  obtuse  at 
the  apex,  narrowed  at  the  base.  Cone  3-4  in.  long,  pink  at  maturity. 
In  rieh  woods  S.* 

3.  M.  macrophylla,  Michz.  Large-lraved  Umbrella  Tree. 
A  small  tree  with  gray  bark.  Leaves  clustered  at  the  ends  of  the 
branches,  oblong  or  obovate,  obtuse  at  the  aj^ex,  cordat«  at  the  base, 
green  and  glabrous  above,  white  and  downy  beneath,  Ij— 3  ft.  long; 
petioles  stout.  Fh)wers  white  with  a  purple  center,  fragrant,  8-12 
in.  Wide ;  petals  oblong,  obtuse,  two  or  three  times  as  long  as  the 
sepals.  Cone  ovate,  4-Ö  in.  long,  bright  red  at  maturity.  Shady 
woods  on  light  soil  S.* 

4.  M.  yirginiana,  L.     Sweet  Bay.     A  small  tree  with  bght  gray    1/ 
bark.      Leaves   scattered  on   the    branches,   evergreen,   thick   and 
leatbery,  oval  or  oblong,  smooth.  aud  green  above,  white  and  with 


a  bloom,  downy  beneath,  4-6  in.  long.  Flowers  white,  fragraiit,  2-3 
in.  in  diameter;  petals  9,  concave.  Cone  1^-2  in.  long,  pink.  Com- 
mon in  Bwamps  and  aloug  streams,  New  York  and  southward  (a 
few  in  eastem  Massachusetts).  The  leaves  often  used  in  flavoring 
soups,  etc. 

IL    LIRIODENDRON,  L. 

A  large  tree  with  rough,  dark-colored  bark.  Leayes  scat- 
tered  on  the  branches,  deciduous,  d-lobed,  truncate,  stipuled, 
petioled.  Flowers  perfect.  Sepals  3,  reflexed.  Petals  6, 
erect.  Stamens  numerous.  Ovaries  numerous,  2-oyuled, 
cohering  over  each  other  on  the  elongated  receptacle,  never 
opening,  deciduous.* 

1.  L.  tolipifera,  L.  Tulip  Tree.  The  largest  tree  in  the  family. 
Leaves  roundish  in  outline,  mostly  3-lobed,  the  terminal  lobe  trun- 
cate  or  broadly  notched,  usually  heart-«haped  at  the  base,  smooth, 
green  above,  lighter  beneath.  Petioles  slender.  Flowers  terminal, 
bell-shaped,  green  ish-yellow  marked  with  orange.  Petals  obovate, 
obtuse,  about  as  long  as  the  sepals.  Mature  cones  ovate,  acute, 
2-3  in.  long.  Common  on  low  ground,  Pennsylvania  and  S.  Often 
called  "  white  wood  "  or,  incorrectly,  "  white  poplar."  Wood  valua- 
ble  for  making  boxes  and  light  furniture.* 


86.   CALYCANTHACEJB.     Calycanthus  Family. 

Shrubs.  Leaves  opposite,  entire,  without  stipules.  Flowers 
solitary,  often  sweet-scented.  Sepals  and  petals  numerous, 
the  outer  sepals  bract-like.  Stamens  many,  short,  the  inner 
ones  usually  sterile.  Ovaries  several,  inserted  on  the  inside 
of  an  irregulär,  hoUow,  pear-shaped  receptacle  something  like 
a  large  rose-hip,  forming  1-seeded  akenes  in  fruit. 

CALYCANTHUS,  L. 

Shrubs,  4-8  ft.  tall;  branches  opposite.  Leaves  oval, 
downy  beneath,  short-petioled  j  both  leaves  and  bark  aro- 
matic.  Sepals  and  petals  many,  in  several  rows,  somewhat 
fleshy,  indistiuguishable.  Pistils  several,  inserted  on  the 
inner  side  of  the  persistent  calyx-tube.  Mature  fruit  pear- 
shaped,  dry,  enclosing  the  akenes.* 
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1.  C.  floridiiB,  L.  SwEET-scENTED  Shrub,  Strawberrt  Bush, 
Spice  Bush,  Shrub.  A  widespreading  bush^  4-8  ft.  high  ;  twiga 
downy.  Leaves  oval  or  oblong,  acute  or  taper-pointed,  rough 
above,  downy  beneath,  2-3  in.  long.  Flowers  1  in.  wide,  brownish- 
purple,  Tery  fragrant ;  sepals  united  below  to  form  a  cup,  on  the 
inside  of  which  the  other  parte  of  the  flower  are  inserted,  cup  leafy- 
bracted  on  the  outside.  Banks  of  streams  and  rieh  hillsides  S., 
often  cultivated.* 

86.  AlfONACBJB.     Pawpaw  Family. 

Trees  or  shrubs.  Leaves  alternate,  entire ;  pinnately  yeined. 
Flowers  perfect,  hypogynous,  axillary,  solitary.  Calyx  of  3 
sepals,  corolla  of  6  thickish  petals  in  2  rows.  Stamens  many, 
filaments  very  short.  Pistils  several  or  many,  becoming 
fleshy  or  pulpy  in  fruit. 

ASDONA,  AdanB. 

Shrubs  or  small  trees.  Leaves  deciduous.  Flowers  nod- 
ding.  Sepals  3,  ovate.  Petals  6,  the  3  outer  ones  larger 
and  spreading.  Stamens  very  numerous,  crowded  on  the 
globular  receptacle.  Ovaries  3-15,  sessile,  1-celled,  several- 
ovuled.  Fruit  a  large,  fleshy,  oblong  berry,  seeds  large, 
horizontal.* 

1.  A.  triloba,  Donal.  Pawpaw.  A  small  tree,  10-20  ft.  high  ; 
bark  nearly  smooth,  lead-colored.  Leaves  oblong-obovate,  acute  at 
the  apex,  obtuse  at  the  base,  rusty-downy  when  young  and  becoming 
smoother  with  age,  6-10  in.  long.  Flowers  on  branches  of  the 
previous  season,  appearing  before  or  with  the  leaves ;  the  short 
peduncles  and  the  sepals  brown-downy.  Petals  purple,  obovate,  3-4 
times  longer  than  the  sepals.  Fruit  3-5  in.  long,  edible  when  ripe. 
Common  on  banks  of  streams,  especially  S.  and  S.  W.  The  bark 
is  very  tough  and  is  often  used  in  the  place  of  rope.» 


87.   LAÜRACEA.     Laurel  Family. 

Aromatic  plants,  nearly  always  trees  or  shrubs.  Leares 
alternate,  simple,  usually  entire,  and  marked  with  translucent 
dots.     Calyx  regulär,  hypogynous,  of  4  or  6  colored  sepals. 


Stamens  in  3  or  4  circles  of  3  each^  the  anthers  opening  bj 
valves.     Style  Single.     Fruit  a  l>seeded  berry  or  stone-fruit. 

I.    SASSAFRAS,  Nee«. 

A  tree  with  rough,  yellowish  bark  and  a  spreading  top. 
Leaves  deciduous,  entire  or  2-3-lobed.  Flowers  dioecious,  in- 
volucrate,  at  the  end  of  the  twigs  of  the  previous  season. 
Calyx  6-parted,  persistent  in  the  pistillate  flowers.  Stamens 
9,  in  3  rows.  Pistillate  flowers  with  4-6  abortive  stamens 
and  a  single  ovary.     Fruit  a  stone-fruit.* 

1.  8.  offlcinale,  Nees.  Sassafras.  A  tree,  usually  small  and 
elender,  but  sometimes  with  a  trunk  3  ft.  in  diameter  and  125  ft. 
high.  Leaves  oval,  entire,  mitten-shaped  or  3-lobed,  downy  when 
young  but  becoming  smooth  with  age,  dark  green  above,  palei 
below,  petiolate.  Racemes  several  in  a  cluster,  peduncled  ;  flowers 
yellow.  Stamens  about  as  long  as  the  sepals.  Fruit  dark  blue, 
ovoid,  on  thickened,  red  pedicels.  All  parts  of  the  tree  aromatic  ; 
trees  producing  pistillate  flowers  rare.  Common.  The  wood  ia 
valuable  for  cabinet-making,  and  an  aromatic  oil  is  eztracted  from 
the  bark.» 

n.    LINDERA,  Thonb. 

Sbrubs ;  leaves  deciduous,  entire.  Flowers  in  lateral, 
sessile  Clusters,  appearing  before  the  leaves,  dioecious  or 
somewhat  monoBcious.  Involucre  of  4  scales.  Stamens  9  in 
the  staminate  flowers,  fllaments  slender.  Pistillate  flowers 
with  12-15  abortive  stamens  and  a  single  globose  ovary  with 
a  Short  style.* 

1.  L.  Benzoin,  Blnme.  Spice  Bush.  A  shrub,  5-15  ft.  high, 
with  smooth  bark  and  slender  twigs.  Leaves  oblong-obovate,  acute 
^  at  the  base,  pale  and  downy  beneath,  becoming  smooth  when  old  ; 
petioles  short.  Flowers  about  as  long  as  the  pedicels,  yellow,  very 
fragrant.  Ovary  about  as  long  as  the  style.  Fruit  an  obovoid,  red 
stone-fruit  about  ^  in.  long,  on  a  slender  pedicel.  Banks  of  streams 
and  damp  woods.     Twigs  and  leaves  quite  aromatic* 

88.   PAPAVERACEÄ.     Poppt  Family. 

Annual  or  perennial  herbs,  often  with  milky  juice.  Leaves 
sometinxes  all  radical,  stem-leaves  usually  alternate  witbout 
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stipiües.  Flowers  perfect,  regulär  or  irregulär.  Sepals 
usually  2,  shed  as  the  flower  opens.  Petals  4-12,  falling 
early.  Stamens  numerous  or  6  (in  2  sets),  4,  or  2.  Carpels 
2-16.     Fruit  a  capsule. 

I.    ESCHSHOLTZIA,  Cham. 

Annual  or  perennial  herbs.  Leaves  pale  or  bluish-green, 
usually  cut  into  very  narrow  divisions.  Sepals  united  into  a 
pointed  cap,  which  falls  off  in  one  piece  as  the  flower  opens. 
Petals  4,  orange  or  yellow.  Stamens  many,  with  long  anthers. 
Stigmas  2-6,  spreading.  Pods  long  and  slender,  grooved.  Ke- 
ceptacle  often  surrounded  by  a  rim  on  which  the  calyx  rests. 

1.  B.  californica,  Cham.  Annual  or  perennial,  with  rather  suc- 
culent  leafy  stems.  Flowers  large  and  showy,  yellow  or  orange- 
yellow.  Receptacle  top-shaped,  with  a  broad  rim.  Cultivated  from 
California. 

n.    SANGUINARIA,  Diu. 

Perennial.  Kootstock  thick,  horizontal,  joints  and  scars 
of  previous  growths  persistent  several  years  ;  juice  orange- 
colored.  Leaves  on  long  petioles,  kidney-shaped.  Scape 
1-flowered.  Sepals  2,  falling  off  as  the  flower  opens.  Pet^ 
8-12.     Ovary  1,  stigmas  2 ;  capsule  oblong,  seeds  crested.* 

1.  8.  canadensis,  L.  Bloodroot.  Leaves  and  scape  with  a 
bloom ;  leaves  palmately  5-94obed,  lobes  rounded  or  toothed ;  scapes 
naked,  nearly  as  long  as  the  petioles.  Flowers  white,  1  in.  or  more 
wide.  Petals  oblong  or  obovate,  quickly  deeiduous.  Capsule 
1-celled,  2-valved,  the  valves  separating  from  the  persistent  placentae 
at  maturity.     In  rieh,  open  woods.* 

m.    CHELIDONIUM,  L. 

Erect,  branched,  perennial  herbs  with  yellow  juice.  Leaves 
much  divided.  Flowers  yellow.  Sepals  2,  falling  as  the 
flower  opens.  Petals  4.  Ovary  1-celled  ;  style  dilated  at  the 
top,  with  2  adnate  stigmas.     Capsule  linear. 

1.  C.  majna,  L.  Celakdine.  Stern  1-2  ft.  high,  brittle,  slightly 
hairy,  leafy.  Leaves  once  or  twice  pinnate.  Flowers  small.  A  rather 
common  weed  in  yards  and  along  fences.     Introduced  from  Europe. 
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IV.    PAPAVER. 


Annual  or  perennial  herbs  with  milky  juice.  Stern  erect, 
smooth,  or  rough-hairy,  branching  above.  Leaves  more  or 
less  lobed  or  dissected.  Flower-buds  nodding^  flowers  showy. 
Sepals  commonly  2,  falling  off  as  the  flower  opens.  Petals 
4-6.  Stamens  many.  Stigma  disk-like,  ovules  many,  borne 
on  many  inwardly  projecting  placentse."!^ 

1.  P.  somnifenun,  L.  Opium  Poppy.  Annual;  stem  erect. 
branched  above,  smooth  and  with  a  blooin,  2-3  ft.  high.  Leaves 
oblong,  irregtdarly  lobed  or  cut,  sessile,  clasping.  Flowers  nearly 
white,  with  a  purple  center,  large  and  showy,  on  long  peduncles. 
Capsule  globose,  seeds  minutely  pitted.  About  old  gardens  and 
waste  places.  Cultivated  in  southern  Asia,  where  the  juice  of  the 
capsules  is  dried  to  make  opium.* 

2.  P.  dubinm,  L.  Corn  Poppy.  Annual ;  stem  slender,  branch- 
ing, 1>2  ft.  tall.  Leaves  pinnatifid,  the  lower  petioled,  the  upper 
sessile.  Flowers  large  and  showy,  usually  red;  capsule  long- 
obovoid,  smooth.  In  cultivated  ground.  Both  the  species  named 
are  often  cultivated  in  gardens  and  produce  double  flowers.* 

3.  P.  Orientale,  L.  Orient al  Poppy.  A  large,  rough-hairy 
perennial.  Leaves  large,  deep  green,  almost  pinnate.  Flower  very 
large,  deep  red.     Cultivated  froin  the  eastern  Mediterranean  region. 

4.  P.  nndicanle,  L.  Ic bland  Poppy.  A  delicate  but  rough- 
hairy  perennial  plant.  Leaves  all  radical,  pale,  pinnately  cut. 
Flowers  yellow-orange  or  white,  borne  singly  on  rather  slender, 
hairy  scapes.     Cultivated  from  Europe. 


V.    DICSNTRA,  Borkh. 

Smooth,  delicate  herbs  with  watery  juice.  Leaves  Com- 
pound in  threes  and  finely  cut.  Flowers  racemed,  nodding. 
Sepals  2,  small  and  scale-like.  Petals  4,  slightly  united  to 
form  a  heart-shaped  or  2-spurred  corolla  (Fig.  12),  the  inner 
pair  spoon-shaped,  enclosing  the  stamens  and  pistil.  Stamens 
6  ;  the  filaments  somewhat  united  into  2  sets,  and  the  anthers 
in  2  sets  close  to  the  Stigma.  Stigma  2-crested.  Pod  10-20- 
seeded. 

1.  D.  Cucullaria,  DC.  Dutchman's  Breeches,  Breeches 
Flower.  A  low,  stemless  perennial,  with  a  delicate  scape  *^^  ^ 
Cluster  of  root-leaves  with  linear  divisions  from  a  sort  of  buV^  mad« 
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of  small,  flcaly  grains.  Flowers  in  a  4-10-flowered  simple  raceme,  not 
fragrant.  Spurs  of  the  coroUa  longer  than  the  pedicels;  coroUa 
moBtly  white  with  a  yellowish  tip.     Rieh  woods,  common. 

2.  D.  canadensis,  DC.  Squirrel  Corn,  Wild  Hyacinth.  A 
low,  stemless  perennial,  with  scape  and  leaves  much  as  in  No.  1,  and 
with  small  yellow  tubers  looking  like  grains  of  com  scattered  along 
the  Underground  shoots.  Corolla  only  heart-shaped  at  the  base, 
whitish  or  flesh-colored,  very  fragrant.     Rieh  woods. 

3.  D.  spectabilifl,  DC.  Bleedino  Heart,  £ar  Drops.  Sterns 
branching,  recurved.  Leaves  large,  twice  Compound  in  threes,  the 
divisions  rather  broad,  like  those  of  the  common  peony.  Racemes 
long,  drooping,  many-flowered.  Flowers  large,  heart-shaped,  bright 
pink.     Cultivated  from  China. 


VI.    ADLUMIA,Raf. 

A  delicate  climbing  biennial.  Leaves  thrice-pinnate,  cut- 
lobed.  Sepals  2,  very  small.  Petals  4,  all  united  into  a  corolla 
which  is  slightly  heart-shaped  or  2-knobbed  at  the  base,  remain- 
ing  as  a  spongy  covering  over  the  small,  few-seeded  pod. 


A  B 

Fio.  12.  —  Flower  of  Dicentra. 

A,  View  of  flower  partly  dlBsected  ;  p,  the  larger  outer  petals ;  p\  the  spoon- 
shaped  inner  petals ;  B,  floral  diagram. 


1.  A.   cirrhosa,   Raf.     Mountain   Fringe,   Alleohant   Vine. 

Climbing  several  feet   high  by    the   leaf-stalks.     Flowers   pinkish- 
white.     Rocky  hillsides,  often  cultivated. 


Vn.    CORTDALIS,  Yent. 

Leafy-stemmed  l^iennial  herbs  (the  American  species). 
Leaves  much  divided,  alternate  or  nearly  opposite.  Eacemes 
terminal  or  opposite  the  leaves.  Sepals  2,  small.  Petals  4 ; 
coroUa  with  a  single  spur  at  the  base,  on  the  upper  side. 
Capsule  many-seeded. 

1.  C.  glauca,  Pursh.  Pale  Cortdalis.  Plant  erect,  covered 
with  a  bloom.  Flowers  pink-purple  with  yellow  tips.  Spur  of  the 
corolla  very  short  and  rounded.     Rocky  woods. 

2.  C.  aurea,  Willd.  Golden  Corydalis.  A  low,  spreading  plant, 
finally  ascending.  Corolla  bright  yellow,  1-2  in.  long;  the  spur 
shorter  than  the  pedicel,  somewhat  beut.     Shaded,  rocky  banks. 


89.   CRÜCIFERJB.     Mustard  Family. 

Herbs  with  pungent,  watery  juice  and  alternate  leaves  with- 
out  stipules.  Sepals  4,  often  falling  off  early.  Petals  usually 
4,  arranged  in  the  form  of  a  cross.  Stamens  6,  the  2  outer 
ones  shorter  than  the  4  inner  ones.  Fruit  generally  a  pod, 
divided  into  two  cells  by  a  thin  partition  which  Stretches 
across  from  one  to  the  other  of  the  two  placentae.  The 
flowers  thronghout  the  family  are  so  much  alike  that  the  gen- 
era  and  species  cannot  usually  be  determined  without  examin- 
ing  the  tolerably  mature  fruit. 


Pods  Short  and  flattened,  contrary  to  the  partition,  Splitting  open  when  ripe, 
Pod  roundish.  Lepidium,  I. 

Pod  triangulär,  inversely  heart-shaped.  Capsella,  IX. 


B. 

Pods  glohular  or  cylindrtcal,  Splitting  open  when  ripe, 

(a)  Pods  globular.     Flowers  white.     Petals  much  longer 

than  the  calyx.  Cochlearia,  II. 

(h)  Pods  cylindrical;  seeds  ellipsoid.     Flowers  very  small, 

yellow.  Siaymbriui09  HL 


(c)  Pods  cylindrical ;  seeds  globular.     Flowers  of  moderate 

size,  yellow.  Brassica,  IV. 

(d)  Pods  cylindrical.     Flowers  white.     Or  pods  ovoid  or 

ellipsoid.     Flower  yellowish.      Aquatic   plants,   or 
growing  in  wet  soll.  Xasturtium,  VI. 

C. 

Pods  elongated,  aften  jointed,  tapering  toward  the  tip,  never  Splitting 
open.  Raphanus,  V. 

D. 

Pods  ßattened  parallel  to  the  partition^  Splitting  open  xchen  ripe. 

(a)  Wild  species  leafy-stemmed ;  growing  in  or  near  water. 

Pods  linear.  Cardamiue,  VII. 

(6)  Wild  species ;  stems  naked  below,  bearing  only  2  or  3 

leaves.     Pods  lanceolate.  Dentaria,  VIII. 

(c)  Wild  species  ;  leafy-stemmed ;  growing  on  dry  groiind 

or  rocks.     Pods   linear;    seeds  usually  winged  or 
margined.  Arabis,  X. 

(d)  Cultivated  species.     Pods  round  or  roundish. 

Lobularia,  XI. 

(e)  Cultivated  species,  covered  with   a   grayish  dow^n  of 

star-shaped  hairs.     Pods  cylindricaL 

Matthiola,  XII. 

I.    LEPIDIUH,  Toom. 

Annual ;  stem  erect,  or  sometimes  diffuse.  Leaves  entire, 
toothed,  or  pinnately  divided.  Flowers  in  a  terminal  raeeme, 
small,  white.  Petsds  short,  sometimes  wanting.  Stamens  2, 
4,  or  6.  Pod  rounded  or  oboordate,  fiattened  contrary  to  the 
partition.* 

1.  L.  Tirginicum,  L.  Peppergrass,  Birds*  Pepper,  Tongce- 
GRASS.  Stem  erect,  smooth,  much  branched,  1-2  ft.  high.  Lower 
leaves  obovate  in  outline,  pinnately  cut  with  dentate  lobes ;  upper 
leaves  lanceolate,  dentate,  slightly  downy.  Flowers  on  slender 
l)edicels,  petals  present,  sometimes  reduced  in  the  later  flowera. 
Stamens  2.     Pod  round.     A  weed  growing  in  waste  plaoes.* 
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n.    COCHLSARIA,  Toorn. 

Perennial  herbs.  Leaves  entire  or  pinnate.  Flowers 
small,  white.  Sepals  sliort.  Petals  with  short  claws.  Pods 
globular  or  ellipsoid. 

1.  C.  Armoracia,  L.  Horse-radish.  A  coarse  herb  with  large 
leaves  from  stout,  long,  cylindrical  rootstocks  filled  with  a  very 
Sharp,  biting  juice.  Root-leaves  long-petioled,  linear-oblong,  obtuse, 
regiüarly  scalloped;  steru-leaves  sessile.  Racenies  in  paoicles. 
Pods  obovoid,  on  long,  slender  pedicels.  Seeds  seldom  or  never 
ripeuing.  Probably  from  Europe  ;  cultivated  and  often  introduced 
in  damp  ground. 

m.    SISYMBRIUH,  Toom. 

Annual  or  biennial  herbs.  Eadical  leaves  spreading  ;  stem- 
leaves  alternate,  often  eared  at  the  base.  Flowers  in  lopse 
racemes,  usually  yellow,  often  bracted.  Pods  generally  nar- 
rowly  linear,  cylindrical  or  4-6-angled.  Seeds  many,  ellip- 
soid, not  margined. 

1.  8.  canescens,  Nutt.  Tanst  Mustard.  Stern  1-2  ft.  high. 
Leaves  twice  pinnately  ciit,  usually  covered  with  grayish  down. 
Flowers  very  small,  yellowish.  Pods  oblong,  club-shaped,  4-angled, 
borne  on  pedicels  projecting  almost  horizontaUy  from  the  stem,  in 
long  racemes.     Common  westward. 

2.  S.  offlcinale,  Scop.  Hedge  Mustard.  Sterns  branching,  stiff. 
Leaves  runcinate-toothed  or  lobed.  Flowers  very  small,  pale  yel- 
low. Pods  somewhat  6-sided,  awl-shaped,  closely  pressed  against 
the  stem.  Au  unsightly  weed  in  waste  ground,  introduced  from 
Europe. 

IV.    BRASSICA,  Tottin. 

Branching  herbs.  Leaves  often  pinnately  cut.  Flowers 
in  racemes,  rather  large,  yellow.  Sepals  spreading.  Pods 
nearly  cylindrical,  sometimes  tipped  with  a  beak  which  does 
not  open.     Seeds  globular. 

1.  B.  arvensis,  Boiss.  Charlock.  Stem  1-2  ft.  high;  it  and  the 
leaves  rough-hairy.  Upper  leaves  rhomhic-toothed  or  no.  Flowers 
J-}  in.  across,  somewhat  corymbed,  bright  yellow.  Pods  knotty, 
spreading,  at  least  ^  of  each  consisting  of  a  2-edged,  1-seeded  beak. 
A  sliowy,  troublesonie  weed  in  grain  fields,  introduced  from  Eui'ope. 


2.  B.  juncea,  Coss.  Similar  to  the  preceding,  but  nearly  or  quite 
smooth.  Pedicels  elender.  Beak  of  the  cylindnc  pod  slender, 
conical,  not  containing  a  seed.  Recently  introduoed  from  Asia  and 
becoming  very  abundant  eastward. 

3.  B.  alba,  Boiss.  White  Mustard.  Stern  2-5  ft.  high,  with 
reflezed  hairs.     Upper  leaves  pinnately  cut.     Pods  bome  on  spread- 

'  ing  pedicels,  bristly,  with  a  sword-shaped,  l-seeded  beak  occupying 
more  than  half  their  length.  Seeds  pale.  Cultivated  from  Europe 
and  introduced  to  some  extent. 

4.  B.  nigra,  Koch.  Black  Mustard.  Stern  3-6  ft.  high,  some- 
what  haii'y.  Lower  leaves  lyrate  with  the  terminal  lobe  much  the 
longest,  stem-leaves  linear-kinceolate,  entire  or  toothed,  smooth. 
Pods  awl-«haped,  4-angled,  smooth,  lying  against  the  stem.  Seeds 
brownish,  more  biting  than  in  No.  2.  Cultivated  from  £urope  and 
introduced. 

y.    RAPHANUS,  Tottxn. 

Annual  or  biennial  herbs.  Root-leaves  lyrate.  Flowers  in 
long  racemes,  white  or  yellow,  purple-veined.  Sepals  erect. 
Pods  rather  long,  slender-beaked,  not  Splitting  open  but  some- 
times  breaking  across  into  1-seeded  joints. 

1.  R.  Raphanistrum,  L.  Wild  Radish,  Jointed  Charlock. 
A  stout,  hairy  annual  1-2  ft.  high.  Leaves  cut  into  remote  Seg- 
ments, which  are  coarsely  toothed  or  serrate ;  terminal  segmeut 
largest.  Flowers  yellow,  turning  whitish  or  purplish.  Pods 
necklace-«haped,  with  a  long  beak.  A  common  weed  eastward, 
introduced  irom  Europe. 

VI.    NASTURTIUH,  R.  Er. 

Annual  or  biennial,  mostly  aquatie  plants.  Stems  erect  or 
diffuse,  often  widely  branching.  Leaves  simple,  pinnately 
lobed.  Flowers  small,  white  or  yellow.  Sepals  spreading. 
Stamens  1-6.  Pod  short  and  broad  or  nearly  linear.  Seeds 
numerous  in  2  rows  in  each  cell.* 

1.  N.  offlcinale,  R.  Br.  Watercress.  Aquatie  herbs.  Sterns 
smooth,  difEuse,  rooting  at  the  joints.  Leaves  with  3-9  rounded, 
pinnate  lobes,  the  terminal  lobe  much  the  largest.  Racemes 
elongatiug  in  fruit.  Petals  white,  twice  the  length  of  the  sepals. 
Pods  linear,  ^-^  in.  long,  on  slender,  spreading  pedicels.  In  ditches 
and  slow  streams.     Often  used  for  salad.* 

2.  N.  palustre,  DC.  Yellow  Watercress.  Annual  or  bien- 
nial    Stem  erect,   branched,  slightly  downy.     Leaves  irregnlarly 
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lyrate,  tbe  lower  petioled,  the  npper  sesaile.  Flowers  small.  Petals 
yellow.  Pods  linear,  spreading,  longer  than  the  pedicels.  In  wet 
places.» 

Vn.    CARDAMINE,  Toom. 

Annual  or  perennial.  Rootstock  often  scaly  or  bulb-bear- 
ing.  Stem  ereet  or  ascending,  usually  sinooth.  Leaves 
more  or  less  divided.  Flowers  in  terminal  racemes,  white  or 
purple.  Petals  rather  large.  Stamens  6.  Fruit  a  linear 
flattened  pod.     Seeds  several,  in  a  Single  row  in  each  cell.* 

1.  C.  rhomboidea,  DC.  Bulboüs  Ckess.  Perennial.  Root  tuber- 
ohb.  Stem  simple,  erect,  smooth,  without  runners,  9-18  in.  tall. 
Lower  leaves  long-petioled,  ovate,  orbicular  or  heart-shaped,  often 
angled  or  toothed,  the  Upper  shori-petioled  or  sessile,  lanceolate  or 
oblong,  toothed  or  entire.  Pedicels  ^-1  in.  long.  Petals  white, 
|-^  in.  long,  Pod  erect,  linear-lanceolate,  tipped  by  the  persistent 
style.     Seeds  round-oval.     Cool,  wet  places.* 

2.  C.  pennsylTanica,  Mahl.  Bitter  Cress.  Annual.  Stem  slender, 
erect,  simple,  or  with  a  few  slender  branches,  6-15  in.  tall.  Leaves 
mostly  in  a  Cluster  at  the  base  of  the  stem,  pinnately  divided,  the 
terminal  lobe  roundish,  the  lateral  lobes  narrower,  somewhat  hairy 
above,  stem-leaves  nearly  linear.  Flowers  small.  Petals  white, 
longer  than  the  sepals.  Stamens  4.  Pods  linear,  erect  on  erect 
pedicels,  about  1  in.  long.     Seeds  oval.     In  wet  places.* 


Vm.    DENTARIA,  Toaxn. 

Stems  naked  below,  2-3-leaved  above,  from  a  thickish, 
more  or  less  knotted  or  interrupted  rootstock.  Flowers 
rather  large,  in  early  spring.  Pod  lance-linear,  flattish.  Seeds 
in  1  row,  wingless,  seedstalks  broad  and  Hat. 

1.  D.  diphylla,  L.  Two-leaved  Toothwort,  Pepper  Root, 
Crinkle  Root.  Rootstock  long,  often  branched,  toothed,  eatable, 
with  a  flavor  like  that  of  cress  or  radish.  Stem-leaves  2,  close. 
together,  each  composed  of  3  ovate-diamond-shaped  and  toothed  or 
crenate  leaflets  ;  the  root-leaf  like  the  stem-leaves.  Flowers  white. 
Damp  woods. 

2.  D.  laciniata,  Muhl.  Crow's  Foot.  Rootstock  short,  necklace- 
like.  Stem-leaves  3-parted  ;  root-leaf  often  absent.  Flowers  white 
or  rose-color.     Woods. 
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IX.    CAFSELLA,  Medic. 

Annual.  Stern  erect,  downy,  with  branched  hairs.  Racemes 
terminal,  becoming  elongated  in  fruit.  Flowers  small,  white. 
Pod  obcordate  or  triangulär,  flattened  contrary  to  the  parti- 
tion,  shorter  than  the  spreading  pedicel.* 

1.  C.  Bursa-Fastoris,  Moench.  Shepherd's  Pcrse.  Root  long  and 
straight.  Stern  brauch ing  above,  downy  below,  smooth  above. 
Lower  leaves  forming  a  rosette  at  the  base  of  the  stem,  irregularly 
lobed  or  pinnately  cut,  stem-leaves  lanceolate,  clasping,  toothed  or 
entire.  Sepala  downy,  about  ^  as  long  as  the  petals.  Pod  trian- 
gulär, notched,  or  cordate  at  the  apex.  Seeds  several  in  each  cell. 
A  common  weed.* 

X.    ARABIS,  L. 

Annual  or  perennial  herbs,  smooth  or  with  forked  or  star- 
shaped  bairs.  Badical  leaves  spatulate  ;  stem-leaves  sessile. 
Flowers  usually  white.  Petals  entire,  usually  with  claws. 
Pods  linear,  jQattened.     Seeds  often  margined  or  winged. 

1.  A.  hirsuta,  Scop.  A  rough-hairy,  erect,  leafy-fltemmed  bien- 
nial,  1-2  ft.  high.  Leaves  simple  ;  stem-leaves  oblong  or  lanceolate, 
entire  or  toothed,  somewliat  clasping,  often  with  an  arrow-shaped 
base.  Flowers  small,  greenish-white,  the  petals  somewhat  longer 
than  the  sepals.  Pods  and  pedicels  upright.  Style  alraost  wanting. 
Seeds  roundish,  somewhat  wing-margined.     Rocks,  N. 

2.  A.  Isvigata,  Poir.  A  smooth,  leafy-«t-emmed  biennial  1-2  ft. 
high,  covered  with  a  bloom.  Stem-leaves  lance-linear,  clasping. 
Flowers  small  and  whitish,  the  petals  hardly  longer  than  the  sepals. 
Pods  2-3  in.  long,  flattened,  spreading,  and  recurved.  Seeds  broadly 
winged.     Rocks. 

3.  A.  canadensis,  L.  Sigkle  Pod.  An  upright,  leafy-stemmed 
biennial,  2-3  ft.  high,  simple  or  slightly  branching  above,  some- 
times  slightly  hairy  at  the  base.  Stem-leaves  sessile,  oblong- 
lanceolate,  pointed  at  both  ends,  downy,  the  lower  ones  toothed. 
Flowers  small,  whitish,  the  petals  twice  as  long  as  the  sepals.  Pods 
scythe-shaped*,  much  flattened,  hanging  from  hairy  piedicels.  Seeds 
broadly  mnged.     Rocky  hillsides. 

XI.    LOBULARIA,  Desv.     (Alyssum,  L.) 

Perennial,  tliough  usually  growing  as  an  annual.  Sterns 
branching,  diffuse;  branches  slender.     Leaves  small,  entire, 


downy,  with  forked  hairs.  Flowers  small,  white,  in  numerou! 
terminal  racemes.  Petals  obovate,  entire,  twice  as  long  ai 
tlie  sepals.  Filaments  enlarged  below.  Pod  round,  com 
pressed.     Seeds  1  in  each  cell.* 

1.  L.  maritima,  Desy.  Sweet  Alyssum.  Stem  weak,  diffuse 
ascending,  minutely  downy.  Lower  leaves  narrowed  into  a  petiole 
the  Upper  sessile.  Racemes  erect,  many-flowered.  Flowers  fra 
grant,  pedicels  ascending.  Pod  often  pointed.  Commou  in  culti 
vation  and  often  run  wild.* 

Xn.    MATTHIOLA,  R.  Br. 

Herbaceous  or  shrubby  oriental  plants,  covered  with  a  dowr 
composed  of  star-shaped  hairs.  Flowers  in  showy  racemes 
of  many  colors,  ranging  from  white  to  crimson.^  Stigmas 
large  and  spreading.  Pods  nearly  cylindrical,  except  for  a 
prominent  midrib  on  each  valve. 

1.  M.  incana,  Br.  Common  Stock,  Gillyflowrr.  Biennial  oi 
perennial,  with  soniewhat  woody  stems.  Cultivated  in  greenhouses 
and  gardens. 

40.  CAPPARIDACEJB.     Caper  Familt. 

Herbs  (when  growing  in  cool  temperate  regions),  with  bit- 
ter or  nauseous  jnice.  Leaves  alternate,  usually  palmately 
Compound.  Flowers  often  irregulär,  usually  perfect.  Sepals 
4-8.  Petals  4  or  wanting.  Stamens  6  or  more.  Ovary  and 
pod  1-celled,  with  2  rows  of  ovules.     Seeds  kidney-shaped. 

I.    POLANISIA,  Raf. 

lU-smelling  annual  plants  covered  with  glandulär  or 
clammy  hairs.  Sepals  distinct,  spreading.  Petals  with 
claws,  notched  at  the  tip.  Stamens  8-32,  of  various  lengths. 
Receptacle  not  lengthened.  Pod  linear  or  oblong,  rather 
large,  many-seeded. 

1.  P.  graveolens,  Raf.  A  very  strong-scented,  leafy,  branching 
herb,  6-15  in.  high.  Leaves  with  3  oblong  leaflets.  Flowei*s  small, 
pinkish  and  yellowish-white,  in  the  axils  of  leafy  bracts,  in  terminal 
racemes.  Stamens  8-12,  not  much  longer  than  the  petals.  Pod 
about  2  in.  long,  slightly  stalked.     Gravelly  banks. 


Mostly  annual  herbs ;  stems  branched.  Leaves  petioled, 
simple,  or  with  3-7  entire  or  sertate  leaflets.  Flowers  in 
bracted  racemes.  Sepals  4,  often  persistent.  Petals  4,  often 
long-clawed,  nearly  equal,  entire.  Stamens  6,  filaments 
thread-like,  usually  projecting  much,  but  sometimes  1--3  much 
shorter  than  the  others,  inserted  on  the  short  receptacle. 
Ovary  on  a  short  stalk  with  a  small  gland  at  its  base.  Fruit 
a  slender  capsule  on  an  elongated  stalk.* 

1.  C.  integ^olia,  Torr,  and  Gr.  Rocky  Mountain  Beb  Plant. 
A  smooth  plant  2  ft.  or  more  high.  Leaves  with  3  leaflets.  Flowers 
pink,  showy,  in  leafy-bracted  racemes.  Pod  oblong  to  linear,  1-2  in. 
long.  Cultivated  as  an  ornamental  plant  and  also  for  bees.  Common 
in  a  wild  condition  W. 


41.   RESEDACEiB.     Mignonettk  Family. 

Annual  or  perennial  herbs,  rarely  shrubs.  Leaves  alter- 
nate,  simple  or  pinnately  cut.  Flowers  racemed  or  spiked, 
bracted.  Calyx  4-7,  parted,  often  irregulär.  Petals  4-7, 
hypogynous,  often  unequal  and  cleft  or  notched.  Stamens 
usually  many,  borne  on  a  large  one-sided  hypogynous  disk. 
Ovary  of  2-6  carpels,  which  are  more  or  less  united  into  a 
Single  1-celled,  many-seeded,  several-lobed,  or  horned  pistil, 
which  opens  at  the  top  before  the  seeds  ripen. 

RESEDA,  Toarn. 

Annual ;  stems  diffuse,  widely  branched.  Leaves  sessile, 
entire  or  lobed,  smooth.  Flowers  in  close  racemes  or  spikes. 
Petals  4-7,  toothed  or  cleft.  Stamens  8-30,  inserted  at  one 
side  of  the  flower.     Capsule  3-6-lobed.* 

1.  R.  odorata,  L.  Mignonette.  Stem  widely  diffuse,  6-12  in. 
high,  smooth.  Leaves  wedge-shaped,  entire  or  3-lobed.  Flowers 
small,  greenish-yellow,  very  fragrant.  Petals  deeply  7-13-cleft. 
Often  cultivated.     From  Egypt.* 


42.   SARRACENIACEA.     Pitcher-plant  Family. 

Perennial,  stemless,  marsh  herbs.  Leaves  tubulär  < 
trumpet-shaped.  Flowers  Single,  nodding,  on  a  naked  ( 
bracted  scape.  Sepals  4-5,  colored,  persistent.  Petals 
deciduous,  or  sometimes  wanting.  Stamens  numerous.  Pist 
Compound,  ö-celled,  many-ovuled ;  style  terminal,  nearly  j 
broad  as  the  flower,  shield-shaped.* 

SARRACENIA,  Toimi. 

Eootstock  Short,  horizontal ;  scape  naked.  Leaves  trumpe 
shaped,  with  a  wing  extending  nearly  to  the  base  and  a  broa 
blade  at  the  apex  (see  Part  II,  Ch.  XXVI)  ;  tube  hair 
within,  with  downward-pointiug,  stiff  hairs.  Calyx  3-bracte( 
Petals  obovate,  xirooping  or  incurved.  Style  umbrellarshapec 
5-angled ;  Stigmas  at  the  hooked  angles  of  the  style  on  th 
under  surface.  Capsule  globose,  rough.  [The  tubulär  leave 
usually  contain  more  or  less  water  and  dead  insects,  the  latte 
having  been  attracted  by  a  honey-like  secretion  near  th 
opening.  For  a  füll  account  of  the  structure  and  peculia 
action  of  the  leaves,  see  Goodale's  Fhysiological  Botany 
pp.  347-353.]* 

1.  S.  parpnrea,  L.  Side-saddle  Flower.  Leaves  ascending 
curved,  broadly  winged,  puj-ple-veined,  4-8  in.  long;  blade  erect 
round-cordate,  hairy  on  the  inner  side.  Scapes  12-18  in.  tall ;  flowe 
deep  purple,  about  2  in.  broad.     Style  yellowish.     Mossy  swamps.* 

48.   SAXIFRAGACEiB.     Saxifrage  Family. 

Herbs  or  shrubs.  Leaves  alternate  or  opposite,  generali^ 
without  stipules.  Sepals  4  or  5,  more  or  less  coherent  with 
eaeh  other  and  adnate  to  the  ovary.  Petals  as  many  as  the 
sepals  and  alternate  with  them.  Stamens  as  many  as  the 
petals  and  alternate  with  them,  or  2-10  times  as  many. 
Ovary  usually  of  2  carpels,  united  only  at  the  base  or  more 
or  less  throughout.  Fruit  generally  a  1-2-celled  capsule, 
sometimes  a  berry.     Seeds  many,  with  endosperm. 
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I.    SAXIFRA6A,  L. 

Herbs  with  simple  or  palmately  cut  leaves  and  generally 
cymose  or  panicled  flowers.  Sepals  5,  more  or  less  united. 
Petals  5,  entire,  inserted  on  the  calyx-tube.  Stainens  10. 
Gapsule  consisting  of  2  (sometimes  more)  ovaries,  united  at 
the  base,  separate  and  diverging  above. 

1.  S.  yirginiensiSy  Michz.  Early  Saxifrage,  Mayflower. 
Perennial.  Stemless,  with  a  Cluster  of  spatulate,  obovate,  or  wedge- 
shaped  root-leaves  and  a  scape  3-9  in.  high,  which  bears  a  dense 
düster  of  small  white  flowers,  becoming  at  length  a  panicled  cyme. 
Petals  white,  oblong,  much  longer  than  the  calyx.  Rocks  and  dry 
hillsides  N. 

2.  S.  pennsylYanica,  L.  Swamp  Saxifrage.  Perennial. 
Leaves  4-8  in.  long,  oblong-lanceolate  and  tapering  to  the  base, 
slightly  toothed.  Scape  1-2  ft.  high,  bearing  an  oblong  Cluster  of 
small  greenish  flowers,  at  length  diffusely  panicled.  Petals  green- 
ish-yellow  (rarely  crimson),  linear-lanceolate,  hardly  longer  than  the 
calyx-lobes.     Boggy  ground. 

n.    TIARELLA,  L. 

Perennial.  Flowers  white,  in  racemes.  Calyx  white, 
5-parted,  nearly  free  f rem  the  ovary.  Corolla  of  5  very  naf- 
row  petals,  with  slender  claws,  altemating  with  the  calyx- 
lobes.  Stamens  10,  springing  from  the  calyx-tube  and 
extending  outside  the  flower.  Styles  2,  long  and  slender. 
Ovary  1-celled,  2-beaked.  In  fruit  one  of  the  carpels  grows 
to  be  much  larger  than  the  other,  thus  making  up  the  main 
bulk  of  the  thin,  dry  pod,  which  has  a  few  seeds  attached 
near  the  bottom. 

1.  T.  cordifolia,  L.  False  Mitre-wort.  Stern  5-12  in.  high, 
usually  leafless,  sometimes  with  1  or  2  leaves.  Rootstock  bearing 
runners  in  summer.  Leaves  hoart^shaped,  sharply  lobed,  the  lobes 
with  acute  or  mucronate  teeth,  somewhat  hairy  above,  downy 
beneath.     Kaceme  short  and  simple.     Rocky  woods,  especially  X. 


m.    BÜTELLA,  Toum. 

Delicate  perennial  herbs.     Flowers  small,  pretty,  in  a  sim- 
ple raceme  or  spike.     Calyx  5-cleft,  adnate  to  the  base  of  the 
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ovary.  Petals  5,  cut-fringed,  inserted  on  the  throat  of  the 
calyx-tube.  Stamens  5  or  10,  not  projecting  from  the  calyx- 
tube.  Styles  2,  very  short.  Ovary  and  pod  2-beaked, 
globalar,   1-celled. 

1.  M.  diphylla,  L.  Two-leaved  Bishop's  Cap,  Fringe  Cup, 
Fairy  Cup.  Stemless,  with  long-petioled,  roundish-cordate  root- 
leaves,  and  a  scape  about  1  ft.  higii,  bearing  2  opposite,  nearly  ses- 
sile  lea\e8.     Flowers  many,  racemed,  white.     Woods. 

IV.    HEUCHERA,  L. 

Perennials  with  a  tall  scape  and  roundish,  heart-shaped 
radical  leaves.  Flowers  rather  small,  greenish  or  purplish, 
in  a  long  panicle.  Calyx  5-cleft,  the  tube  below  adnate  to  the 
ovary.  Petals  5,  small,  spatulate,  inserted  with  the  5  sta- 
mens on  the  margin  of  the  calyx-tube.  Capsule  1-celled, 
2-beaked,  Splitting  open  between  the  beaks. 

1.  H.  americana,  L.  Common  Alum  Root.  Scapes  2-4  ft.  high, 
rather  slender,  often  several  from  the  same  root,  hairy  and  glandu- 
lär. Radical  leaves  large  and  long-petioled,  abundant,  somewhat 
7-lobed.  Flowers  whitish  with  a  tinge  of  purple,  in  a  loose  panicle. 
Stamens  projecting  considerably  outside  the  flower,  their  stamens 
of  a  bright  terra  cotta  color.  The  root  is  very  astringent  and  is 
somewhat  used  as  a  home  reiiiedy.  Shaded  banks,  feiice  rows,  and 
thicketa ;  common  W. 

y.    PHILADELPHÜS,  L. 

Shrubs.  Leaves  simple,  opposite,  3-5-ribbed,  petioled, 
without  stipules.  Flowers  solitary  or  in  cymes,  large,  white. 
Calyx-tube  top-shaped,  adnate  to  the  ovary,  the  limb  4-5- 
parted,  persistent.  Petals  4-5,  rounded  or  obovate.  Stamens 
20^0,  shorter  than  the  petals.  Ovary  3-S-celled,  rnany- 
seeded ;  styles  3-5,  more  or  less  united.* 

1.  P.  grandiflonis,  Willd.  Lar(»k-flowerki>  Syrinua.  Shrub, 
6-10  ft.  high;  branches  downy.  Leaves  ovate  or  ovate-oblong, 
taper-pointed,  sharply  serrate,  downy,  3-ribbed.  Flowers  solitary  or 
2-^i  together,  white,  lJ-2  in.  broad,  not  fragrant.  Calyx-lobes 
ovate,  taper-pointed,  about  twice  as  long  as  the  tube.  On  low 
ground,  S.,  and  cultivated.* 

2.  P.  coronarius,  L.  Garden  Syringa.  Shrub,  8-10  ft.  high. 
Leaves  oval  or  ovate,  obtuse  at  the  base,  acute  at  the  apex,  remotely 
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toothed,  smooth  above,  downy  beneath.  Flowers  in  terminal 
racemes,  creamy  white,  1-1 J  in.  wide,  very  fragrant.  Calyx-lobes 
ovate,  acute,  longer  than  the  tube.     Common  in  cultivation.* 


VI.    DEUTZIA,  Thnnb. 

Shnibs  with  simple,  opposite  leaves,  witbout  stipules. 
Flowers  all  perfect  and  alike,  racemed  or  panicled,  showy. 
Calyx-lobes  5.  Petals  5.  Stamens  10,  6  long  and  5  short ; 
filaments  flat  and  3-pronged;  the  middle  proug  bearing  an 
anther.     Styles  3-5,  slender.     Pod  3-ö-celled. 

1.  D.  gradlis,  Sieb,  and  Zucc.  About  2  ft.  high,  loosely  spreading. 
Leaves  ovate-lanceolate,  sharply  serrate,  smooth.  Flowers  white, 
very  nomerous.     Cultivated  from  Japan,  often  in  greenhouses. 


Vn.    RIBES,  L. 

Shnibs.  Leaves  palmately  veined  and  lobed,  sometimes 
with  stipules.  Calyx-tube  egg-shaped,  adnate  to  the  1-celled 
ovary,  its  5  lobes  usually  colored  like  the  petals.  Petals  5, 
small,  generally  inserted  on  the  throat  of  the  calyx-tube. 
Stamens  ö,  inserted  with  the  petals.  Styles  2.  Ovary 
1-celled,  with  2  placentae  on  its  walls,  becoming  in  fruit  a 
pulpy  (usually  eatable)  berry. 

1.  R.  rotundifolium,  Michz.  Smooth  Wild  Gooseberry.  Spines 
few  and  short,  prickles  few  or  absent.  Leaves  roundish,  lobed,  with 
the  lobes  crenate-dentate,  often  downy.  Peduncles  slender  ;  flowers 
inconspicuous.  Calyx-lobes  reflexed.  Styles  and  stamens  projecting 
decidedly  from  the  calyx-tube.     Berries  smooth. 

2.  R.  Cynosbati,  L.  Prickly  Wild  Gooseberry.  Spines  in 
pairs.  Leaves  long-petioled,  downy,  heart-shaped,  cut-dentate.  The 
Single  style  and  the  stamens  not  projecting  from  the  calyx-tnbe. 
Berries  generally  prickly,  brownish-purple,  pleasant-flavored. 

3.  R.  rubrum,  L.  Red  Currant.  Sterns  niore  or  less  reclining. 
Leaves  somewhat  heart-8hai)ed,  obtusely  3-5-lobed.  Racemes  droop- 
ing.  Limb  of  the  calyx  wheel-shaped.  Berries  acid,  eatable,  red 
or  light  amber-colored.  Cultivated  from  Europe,  also  a  variety  wild 
in  the  northern  United  States. 

4.  R.  aureum,  Pursh.  Golden  Currant,  Flowerino  C,  Mis- 
souri C,  Clove  C.  A  much  taller  shrub  than  the  common  red 
currant.     Leaves  3-lobed,  toothed.     Racemes  short  and  loose.    Tube 


of  the  yellow  calyx  much   longer  than   its  limb.     Flowers  very 
fragrant.     Fruit  brownish-black,  barely  eatable. 


44.   PLATANACBiB.     Sycamore  Family. 

Trees  ;  with  simple,  alternate,  petioled  leaves  with  stipules, 
the  bases  of  the  petioles  covering  the  buds.  Flowers  monoe- 
cious,  in  axillary,  long-peduncled,  globose  heads.  Calyx  and 
corolla  very  inconspicuous,  eaeh  consisting  of  3-8  minute 
scales,  or  wanting.  Stamens  as  many  as  the  sepals  and 
opposite  them.  Pistils  several,  inversely  conical,  hairy  at 
the  base,  styles  long.     Capsules  1-seeded.* 

PLATANUS,  L. 

Characters  of  the  family. 

1.  P.  occidentalis,  L.  Sycamore,  Büttonwood.  A  large  tree, 
bark  light-colored,  smooth,  peeling  off  in  large,  thin  plates.  Leaves 
large,  round  heart-shaped,  angularly  lobed  and  toothed,  densely 
white-woolly  when  young,  becoming  smooth  with  age ;  stipules 
large,  toothed.  Fruit  in  a  globular,  drooping  head,  which  remains 
on  the  tree  through  the  winter,  dropping  the  seeds  very  slowly. 
Common  on  river  banks  and  in  swampy  woods.* 

45.   ROSACEJB.     Rose  Family. 

Herbs,  shrubs,  or  trees.  Leaves  altemate  or  rarely  oppo- 
site, simple  or  Compound,  with  stipules.  Calyx  5-lobed. 
Petals  5,  rarely  wanting,  inserted  with  the  stamens  on  the 
edge  of  a  disk  that  lines  the  calyx-tube.  Stamens  many, 
rarely  1  or  few.  Carpels  1  or  more,  distinct  or  coherent,  free 
or  adnate  to  the  calyx-tube.  Fruit  a  pome,  a  stone-fruit  or 
group  of  stone-f ruits,  or  1-several  akenes  or  foUicles,  rarely 
a  berry  or  capsule.  The  relation  of  the  parts  of  the  flower 
to  each  other  and  to  the  receptacle  is  shown  in  Fig.  13. 
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Ripe  carpels  not  enclosed  mithin  the  calyx-tube. 

1.  Fruit  dry. 

(a)  Carpels  1-5,  inflated.  Physocarpiis,  I 

(b)  Pods  5-8,  not  inflated.  Spirsea,  II. 
(r)  Akenes  2-6,  styles  not  lengthening  after  flowering. 

Waldsteinia,  VIII. 
(d)  Akenes  many,  on  a  dry  receptacle.     Styles  not  length- 
ening. Potentilla,  X. 
(g)  Akenes  many,  on  a  dry  receptacle.     Styles  lengthening 
after  flowering,  forming  tails  to  the  akenes. 

Geum.,  XI. 

2.  Fruit  fleshy. 

(a)  Akenes  several-many,  becoming  little  stone-fruits. 

Rubus,  VII. 

(b)  Akenes  many,    dry   on    ripening,   on    a  fleshy,   eatable 

receptacle.  Fragaria,  IX. 

(c)  Pistil  solitarv,  becoming  a  stone-fruit.  Prunus,  XIII. 


A  B 

Fig.  13.  — PiBtIls  in  the  Roae  Family. 
.<4,  Prunu8-t3rpe;  ß,  Potentilla-type ;  C,  Ro8»-type,  c,  calyx,  o»  ovary. 


B. 

Ripe  carpels  enclosed  within  the  calyx-tuhe, 
1.  Fruit  a  pome. 

(a)  Cai*pel8  niore  thau  2-seode(l ;  .seeds  covered  with  a  muci- 
laginous  pulp.     Fruit  5-celled.  Cydonia,  III. 
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(6)  Carpels  2-seeded  (except  in  some  cultivated  varieties) ; 

seeds  without  pulp.     Fruit  5-celled.  Pyrus,  IV. 

(c)  Carj^els  'i-seeded  ;  fruit  10-celled.  Amelanchier,  V. 

2.  Fruit  not  evidently  a  pome  or  not  at  all  so. 

(a)  Trees  or  shrubs.    Fruit  appearing  like  a  stone-fruit,  with 

a  stone  usually  of  2-5  bouy  l-seeded  carpels  united. 

Crataegus,  VI. 

(b)  Herbs.     Fruit  consisting  of  numerous  very  small  akenes 

coUected  on  a  fleshy,  eatable  receptacle.     Fragaria,  IX. 

(c)  Trees  or  shrubs.     Fruit  a  simple  stone-fruit  (plura  or 

cherry).  Prunus,  XIII. 

I.    PH7S0CARPUS,  Kazim. 

Shrubs.  Leaves  simple,  palmately  veined  and  lobed,  pet- 
ioled.  Flowers  white,  in  terminal  corymbs.  Calyx  spreading, 
5-lobed.  Petals  5.  Stamens  numerous.  Pistils  1--5,  short- 
stalked,  stigma  terminal ;  ovaries  becoming  inflated  at  matu- 
rity,  2-4-seeded,  Splitting  open.* 

1.  P.  opulifolins,  Maxim.  Ninebark.  A  spreading  shrub  3-6  ft. 
high,  the  old  bark  separating  into  thin  strips.  Leaves  petioled, 
broadly  ovate  or  rounded,  ofteu  heart-shaped,  3-lobed,  the  lobes  doubly 
crenate-serrate  ;  stipules  deciduous.  Corymbs  terminal,  peduncled, 
nearly  globose,  downy,  many-flowered.  Pedicels.and  calyx  nearly 
smooth.  FoUicles  3-0,  much  longer  than  the  calyx,  smooth  and 
shining,  obliquely  tipped  by  the  persistent  style.  Banks  of  streams, 
and  often  cultivated.* 

n.    SPIREA,  L. 

Shrubs  with  simple  leaves.  Flowers  perfect,  in  terminal 
or  axillary  racemes  or  panicles.  Calyx  5-cleft,  persistent. 
Petals  5.  Stamens  numerous.  Pistils  usually  5,  free  from 
the  calyx  and  alternate  with  its  lobes.  Follicles  not  inflated, 
2-several-seeded.* 

1.  8.  salicifolia,  L.  Willow-lkafed  Spirea.  Shrubs  2-5  ft. 
high,  branches  smooth ;  leaves  lanceolate  to  oblong-ovate,  smooth 
or  nearly  so,  sharply  serrate,  base  usually  wedge-shaped,  pale  beneath ; 
stipules  deciduous;  flowera  white  or  pink,  panicle  dense-flowered ; 
follicles  smooth.     ün  low  ground.* 
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2.  S.  reevesUiiay  Gazd.  Bridal  Wrrath.  Shrubs  2-4  ft  tall ; 
branches  long,  slender,  and  spreading ;  leaves  lanceolate,  serrate, 
sometimes  3-lobed  or  pinnatifid,  with  a  Bloom  beneath ;  flowers  white 
or  pinkish,  in  azillary  racemes  or  corymbs,  often  forming  long 
wreaihs ;  f ollicles  smooth.     Cultivated  from  £urope. 

3.  8.  tomentosa,  L.  Hardhack.  Erect  shnibs  ;  stems  densely 
downy,  usually  simple;  leaves  simple,  ovate  or  oblong,  serrate, 
densely  rusty  downy  below,  smooth  and  dark  green  above ;  flowers 
small,  pink  or  purple,  in  a  close  panicle ;  follicles  5,  densely  downy, 
several-seeded.  On  low  ground  S.,  and  along  fence-rows  and  in  pas- 
tures  N.,  where  it  is  a  troublesome  weed.* 

m.    CYDOlflA. 

Trees  or  shrubs.  Leaves  simple,  toothed  or  lobed,  stipules 
deciduous.  Flowers  usually  solitary,  white  or  pink.  Calyx- 
tube  urn-shaped,  adnate  to  the  ovary,  5-lobed,  lobes  acute, 
spreading,  persistent.  Petals  5.  Stamens  numerous,  inserted 
with  the  petals  on  the  calyx-tube.  Styles  2-5,  mostly  5, 
united  at  the  base.  Ovary  5-celled,  seeds  many  in  each  cell. 
Fruit  a  pome,  globose,  usually  depressed  or  hollowed  at  the* 
extremities,  flesh  without  hard  grains.* 

1.  C.  Tulgaris,  Pen.  Quince.  Shrub  6-12  ft.  high.  Leaves 
oblong-ovate,  acute  at  the  apex,  obtuse  at  the  base,  entire,  downy 
below.  Flowers  large,  white  or  pink.  Fruit  ovoid,  downy.  Cul- 
tivated.* 

2.  C.  japonica,  Pen.  Japan  Quince.  A  widely  branching 
shrub,  3-6  ft.  high,  branches  with  numerous  straight  spines.  Leaves 
ovate-lanceolate,  acute  at  each  end,  smooth  and  shining,  serrulate ; 
stipules  conspicuous,  kidney-shaped.  Flowers  in  nearly  sessile  axil- 
lary  Clusters,  bright  scarlet.    Fruit  globose.    Common  in  cultivation.* 

IV.    PYRUS,  L. 

Trees.  Leaves  simple,  stipules  small,  deciduous.  Flowers 
in  cymes,  large,  white  or  pink.  Calyx  urn-shaped,  adnate  to 
the  ovary,  5-cleft,  its  lobes  acute.  Petals  rounded,  short- 
clawed.  Stamens  numerous,  borne  with  the  petals  on  the 
calyx-tube.  Styles  5,  distinct  or  slightly  united  at  the  base. 
Fruit  a  pome,  with  about  2  seeds  in  each  carpel.* 

1.  P.  communis,  L.  Fear.  A  tree,  often  very  large,  head  usually 
pyramidal-,   branches   often  thorny.      Leaves  thick  and   leathery, 
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orate  or  oval,  acute,  finely  serrate  or  entire,  downy  when  young, 
becoiuing  smooth  with  age  ;  petioles  elender.  Cymes  few-several- 
flowered,  terminal,  and  at  the  enda  of  <<  fruit  spurs"  grown  the 
previous  season.  Flowers  white.  Styles  not  united.  Fruit  obovoid, 
with  hard  gritty  grains  near  the  core.  A  European  and  Aslatic 
tree  common  in  cultivalion.* 

2.  P.  Malus.  Apple.  A  tree  with  a  rounded  top  and  dark- 
colored  bark.  Leaves  oval  or  ovate,  obtuse  or  pointed,  dentate  or 
nearly  entire,  rounded  at  the  base,  smooth  above,  downy  beneath. 
Cymes  few-many-flowered.  Flowers  large,  white  or  pink,-  Calyx 
downy.  Fruit  depressed-globose  to  ovoid,  hollowed  at  the  base  and 
usually  at  the  apex.  Cultivated  from  Europe  and  often  running 
wild  in  old  pastures,  etc.,  E.* 

3.  P.  coronaria,  L.  American  Crab  Apple.  A  sraall  tree 
with  smooth  bark.  I^eaves  triangulär  or  oval-lanceolate,  acutish  or 
rounded  or  a  little  heart-sha}>ed  at  the  base,  cut-serrate  and  often 
somewhat  3-lobed,  slender-petioled,  soon  smooth.  Flowers  large, 
few  in  a  düster,  pale  rose^olor,  very  sweet-scented.  Fruit  bright 
green,  turning  yellowish,  sometimes  1^  in.  in  diameter,  flattened  at 
right  angles  to  the  pedicels,  very  fragrant.  Glades,  W.  N.  Y.,  West 
and  South. 

4.  P.  angustifolia,  Alt.  Narrow-leaved  Grab  Apple.  A  small 
tree  with  smooth,  light  gray  bark.  Leaves  lanceolate  or  oblong, 
serrate,  downy  when  young,  acute  at  the  base,  short-petioled. 
Corymbs  few-flowered.  Flowers  pink,  fragrant,  about  1  in.  broad. 
Styles  smooth,  distinct.  Fruit  nearly  globose,  about  J  in.  in  diame- 
ter, very  sour.     In  open  woods.  Penn.,  W.  and  S.* 

5.  P.  arbutifolia,  L.  f.  Chokeberry,  Ciioke  Fear,  Dooberry. 
A  shrub  5-8  ft.  high.  Leaves  oblong  or  oblanceolate,  finely  serrate, 
downy  beneath,  short-petioled.  Flowers  in  a  downy  Compound 
cyme,  small,  white  or  i-eddish.  Fruit  pear-shaped  or  nearly  globular, 
not  larger  than  a  currant,  very  dark  purple,  dry  and  puckery.  There 
is  also  a  smooth-leaved  variety  with  black  fruit.  Swamps  and  damp 
thickets,  especially  N.  E. 

6.  P.  americana,  DC.  American  Mountain  Ash.  A  tall  shrub 
or  smaU  tree.  Leaves  odd-pinnate.  Leaflets  oblong-lanceolate,  taper- 
pointed,  sharply  serrate,  smooth,  bright  green.  Flowers  small,  white, 
in  large,  flat,  Compound  cymes.  Fruit  bright  scarlet,  not  larger 
than  currants.     Common  N.  and  often  cultivated. 

7.  P.  Aucnparia,  Gaertn.  European  Mountain  Ash  or  Rowan 
Tree.  Larger  than  No.  6.  Leaflets  paler,  downy  beneath.  Fruit 
larger,  about  ^  in.  in  diameter.     Cultivated  from  Europe. 


Shrubs  or  small  trees  with  smooth  gray  bark.  Leaves 
simple,  sharply  serrate,  petioled.  Flowers  white,  in  racemes. 
Calyx-tube  5-cleft,  adnate  to  the  ovary.  Petals  oblong. 
Styles  5,  united  below.  Ovary  ö-celled,  2  ovules  in  each  cell, 
often  only  1  maturing.     Fruit  small,  berry-like.* 

1.  A.  canadensis,  Torr,  and  Gr.  Service  Berry,  June  Berry, 
Shad  Bush,  Sugar  Plum,  Sügar  Pear,  Wild  Pear.  A  small 
tree,  branches  downy  when  young,  soon  becoming  smooth.  Leaves 
ovate  to  elliptical,  finely  and  sharply  serrate,  acute  at  the  apex, 
usually  obtuse  or  cordate  at  the  base.  Racemes  slender,  many- 
flowered,  appearing  before  or  with  the  leaves.  Flowers  showy. 
Petals  4  or  5  times  the  length  of  the  smooth  sepals.  Fruit  globose, 
dark  red,  edible.  In  rieh  woods  ;  extremely  variable  in  height,  and 
in  shape  of  leaves.* 

VI.    CRATiEGUS,L. 

Shrubs  or  small.  trees,  mostly  with  numerous  strong  spines, 
wood  very  hard.  Leaves  serrate,  lobed  or  deeply  incised, 
petioled.  Flowers  white  or  pink,  in  terminal  corymbs  or 
sometimes  solitary.  Calyx-tube  urn-shaped,  5-cleft,  the  limb 
persistent.  Petals  round.  Stamens  few  or  many.  Styles 
1-5,  distinct ;  ovules  1  in  each  cell.  Fruit  a  small  pome  with 
bony  carpels.*  [The  species  are  hard  to  distinguish  and  are 
not  very  perfectly  defined.  At  present  the  genus  is  under- 
going  a  careful  revision  by  Professor  C.  S.  Sargent.] 

1.  C.  coccinea,  L.  Scarlet-fruited  Thorn,  Red  Haw.  A  tall 
shrub  or  small  tree,  with  smooth,  ]*eddish  branches,  but  the  young 
shoots  downy.  Leaves  thin,  roundish-ovate,  cut-lobed  or  sharply 
toothed,  slender-petioled.  Flowers  large,  in  a  many-flowered  corymb. 
Fruit  bright  red,  nearly  globular  or  obovoid,  J  in.  long. 

Var.  mollia,  Torr,  and  Gr.,  has  the  young  shoots  densely  covered 
with  down  and  fruit  twice  the  length  of  the  preceding,  sweet  and 
^edible.     Common  in  the  Mississippi  Valley. 

2.  C.  tomentosa,  L.  Pear  Thorx.  A  small  tree,  the  young 
shoots,  peduncles,  and  calyx  downy  or  soft-hairy.  Leaves  large, 
thickish,  ovate  or  ovate-oblong,  downy  beneath,  doubly  serrate  or 
cut-lobed.  Flowers  later  than  No.  1,  sometimes  1  in.  in  diameter. 
Fruit  scarlet  or  orange,  rathf^r  less  than  1  in.  long,  edible. 

3.  C.  Cnis-Galli,  I.  ('(h  k^tt  u  I'uuitN%  Smiill  tjvt^s  with  sprciMU 
hij^   l^raiielitjä  ;  »piu^K  uhiiully  nuim<roua,  loii^^  aud  ^tout,  bul  aotn«- 
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times  few  or  wanting.  Leaves  thick,  oval  or  obovate,  shining  above, 
paler  below,  obtuse  or  acute,  and  ßharply  serrate  at  the  apex,  wedge- 
shaped  and  entire  at  the  base.  Corymbs  terminal,  many-flowered, 
smooth;  flowers  about  ^  in.  wide;  styles  1— S  ;  fruit  red,  subglobose, 
^  in.  in  diameter.     Common  in  open  woods.* 

4.  C.  spathulata,  Michx.  Small-fruited  Havv.  A  small  tree, 
young  twigs  densely  downy ;  spines  1-2  in.  long ;  leaves  small, 
spatulate,  crenate  at  the  rounded  apex,  entire  and  wedge-shaped 
below,  leathery,  smooth;  stipules  crescent-shaped ;  corymbs  Com- 
pound, many-flowered ;  flowers  small ;  calyx-lobes  very  short ;  styles 
5 ;  fruit  red,  about  the  size  of  a  small  pea.     On  river  banks.* 

5.  C.  flava,  Alt.  Yellow  II  aw.  A  small  tree  with  very  numer- 
ous  spines ;  leaves  obovate,  glandular-serrate  at  the  rounded  apex, 
cuneate  below,  downy  when  young  ;  petiole  short ;  corymbs  few- 
flowered,  slightly  downy;  flowers  J-J  in.  wide;  calyx-lobes  entire 
or  glandular-serrate  ;  styles  4-5 ;  fruit  pear-shaped,  ^  in.  or  more  in 
length,  greenish-yellow.     On  sandy  soil.* 

Vn.    RUBUS,  L. 

Mostly  prickly  slirubs,  producing  runners.  Leaves  alter- 
nate,  simple  or  Compound;  stipules  adnate  to  the  petiole. 
Flowers  in  terminal  and  axillary  Clusters,  rarely  solitary, 
white  (in  one  American  species  [No.  1]  purple  rose-color). 
Calyx  free  from  tlie  ovary,  with  a  broad  tube  ;  its  lobes  5, 
persistent.  Petals  5.  Stamens  many.  Carpels  many,  distinct, 
on  a  convex  receptacle.  Fruit  a  Cluster  of  little  1-seeded 
stone-fruits  on  a  dry  or  somewhat  juicy  receptacle. 

A,   Raspberries. 

Grains  of  the  fruit j  when  ripe,  falling  off  from  the  receptacle  and 
leaving  the  latter  with  the  calyx. 

1.  Rubus  odoratus,  L.  Flowering  Raspberry  (often  wrongly 
called  Mulberry).  Stems  shrubby  and  rather  stout,  3-5  ft.  high, 
not  prickly,  the  young  shoots,  peduncles,  and  calyx  covered  with 
sticky  glandulär  hairs.  Leaves  large,  simple,  3-5-lobed.  Flowers 
showy,  rose-purple,  1-2  in.  in  diameter,  on  many-flowered  pedun- 
cles. Fruit  flattish,  eatable.  Rather  common  E.  and  N.  and  often 
cultivated. 

2.  R.  triflorus,  Richardson.  Dwarf  Raspberry  (also  wrongly 
know^n  as  Mclberry).  A  slender  trailing  plant,  almost  entirely 
herbaceous,  not  prickly  but  sometimes  bristly.     Leaves  Compound, 
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asually  of  3  but  sometimes  of  5  thin  ovate-lanceolate,  frequently 
unsymmetrical  leaflets,  which  are  coarsely  doubly  serrate  and  often 
cleft  or  lobed,  with  a  shiniug  upper  surface.  Flowers  small,  on  1-3- 
flowered  peduncles.  Fruit  of  a  few  loosely  cohering  gralns,  eaten 
by  children.  Common,  especially  N.,  in  hilly  woods,  often  forming 
a  dense  carpet  in  the  partial  shade  of  pines. 

3.  R.  occidentalis,  L.  Black  Rasfberry.  Sterns  long  and 
Blender,  often  recurved  and  rooting  at  the  tips,  armed  with  weak, 
hooked  prickles.  Leaves  petioled,  3-5  ovate  leaflets,  coarsely  ser- 
rate, white-downy  below.  Flowers  white,  in  compact  terminal 
corymbs.  Pedicels  erect  or  ascending.  Fruit  black,  hemispherical, 
separating  easily  from  the  receptacle.  Common  on  borders  of 
woods  Mo.  and  N.,  widely  cultivated.* 

4.  R.  strigosns,  Michz.  Red  Raspberry.  Stems  widely  branch- 
ing,  biennial,  not  rooting  at  the  tips,  armed  with  weak  bristles  and 
with  a  few  hooked  prickles.  Leaves  petioled,  of  3-5  ovate  leaflets 
which  are  sharply  serrate  and  sometimes  lobed,  downy  beneath. 
Flowers  in  terminal  and  axillary  racemes  and  panicles,  pedicels 
drooping.  Fruit  hemispherical  or  conical,  red,  separating  easily 
from  the  receptacle.  Common  on  mountains  und  burned  Clearings. 
Iowa  and  N.  and  widely  cultivated.* 

B,   Blackberries. 

Grains  of  the  ripe  fruit  falling  from  the  ccdyx  along  with  the  sofl, 
eatable  receptacle. 

6.  R.  nigrobaccus,  Bailey.  Hioh  Blackberrt.  Stem  shrubby, 
erect  or  bending,  4-10  ft.  high,  glandular-downy  above  and  with 
stout,  hooked  prickles  below.  Leaves  petioled,  of  3-7  ovate  leaflets 
which  are  acute,  irregularly  serrate,  smooth  or  soft-hairy.  Flowers 
in  terminal,  bracted  panicles.  Petals  white,  obovate,  much  longer 
than  the  taper-pointed  sepals.  Fruit  large,  black,  oblong.  Common 
in  thickets.* 

6.  R.  ylllosus,  Alt.  Low  Blackberry,  Dewberry.  Stems 
shrubby,  trailing  widely,  from  3-10  ft.  long,  somewhat  prickly. 
Leaflets  usually  3,  but  sometimes  5  or  7,  ovate,  acute,  shai'ply  (and 
doubly)  cut-serrate,  thin.  Racemes  upright  on  the  short  branches, 
1-3-flowered.  Fruit  roundish,  of  fewer  and  larger  grains  than  Ko.  5, 
very  sweet  when  fully  ripe.     Common  N.,  in  stony  or  gravelly  flelds. 

7.  R.  cnneifolins,  Pursh.  Sand  Blackberry.  Stem  shrubby, 
erect  or  diffuse,  2-3  ft.  high ;  ^ickles  straight  or  recurved.  Leaves 
petioled,  3-5-foliate ;  leaflets  obovate,  serrate  towards  the  apex, 
wedge-shaped  towards  the  base,  rough  above,  white  downy-wooUy 
beneath.     Racemes   mainly  terminal,  few-flowered.     Petals  white. 
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longer  than  the  sepals.     Frait  ovoid,  black,  smaller  than  the  pre- 
ceding.     Common  in  old  fields.* 

8.  R.  hispidus,  L.  Stem  trailing  or  prostrate,  often  several  feet 
in  length,  armed  with  amall,  straight,  or  recurved  prickles,  and 
often  thickly  set  with  bristles.  Leaves  petioled,  mostly  of  3  leaflets  ; 
leaflets  obovate,  obtuse,  rather  coarsely  serrate.  Flowering  branches 
commonly  erect,  few-flowered,  flowers  white.  Fruit  black.  Common 
on  dry,  sandy  soil.* 

Vm.    WALDSTEnriA,  WiUd. 

Stemless  perennial  herbs.  Leaves  3--5-lobed  or  divided. 
Flowers  several,  rather  sraall,  yellow,  on  a  bracted  scape. 
Calyx-tube  top-shaped;  the  limb  spreading,  with  sometimes 
little  bracts  alteriiatiug  with  the  lobes.  Petals  5.  Stamens 
many.     Style  2-6.     Akenes  f  ew,  on  a  dry  receptacle. 

1.  W.  fragarioides,  Tratt.  Barren  Strawberrt.  A  low  herb 
with  mach  the  appparance  of  a  strawberry  plant.  Leaflets  8, 
broadly  wedge-shaped,  crenate-dentate.  Scapes  many-flowered  ;  the 
flowers  rather  pretty.     Wooded  hillsides. 


IX.    FRA6ARIA,  Toaxn. 

Perennial  scape-bearing  herbs,  with  mnners.  Leaves  with 
3  leaflets  ;  stipules  adnate  to  the  petiole.  Flowers  (of  Ameri- 
can species)  white.  Calyx  free  from  the  ovary,  5-parted, 
5-bracted,  persistent.  Petals  5.  Stamens  many.  Carpels 
many,  on  a  convex  receptacle.  Akenes  of  the  ripe  straw- 
berry many,  very  small,  more  or  less  imbedded  in  the  large, 
sweet,  pnlpy  receptacle. 

1.  F.  virginiana,  Mill.  Wild  Strawberry.  Leaflets  thick, 
oval  to  obovate,  coarsely  serrate,  somewhat  hairy.  Scape  usually 
shorter  than  the  petioles,  few-flowered.  Fruit  ovoid,  akenes  imbedded 
in  deep  pits.     Common.* 

2.  F.  vesca,  L.  European  Strawberry.  Leaflets  ovate  or 
broadly  oval,  dentate  above,  wedge-shaped  below,  slightly  hairy. 
Scape  usually  longer  than  the  petioles.  Fruit  globular  or  oval, 
akenes  adherent  to  the  nearly  even  surface  of  the  receptacle.  Com- 
mon in  cultivation.  Many  of  the  cultivated  varieties  of  strawberry 
are  hybrids  between  the  two  described  above.  The  American  form 
is  less  hairy  than  the  European  and  is  by  some  regarded  as  distinct.* 
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X.    POTENTILLA,  L. 

Perennial  herbs,  rarely  shrubs.  Leaves  Compound ;  stipules 
adnate  to  the  petiole.  Flowers  white  or  yellow,  rarely  red  ; 
solitary  or  in  cymes.  Calyx  free  from  the  ovary,  5-cleft,  with 
5  little  bracts  alternating  with  its  lobes.  Petals  5.  Stamens 
many.  Carpels  nsually  many,  on  a  dry  convex  or  concave 
receptacle  ;  styles  falling  off  from  the  akenes  as  they  matnre. 

1.  P.  arguta,  Piinh.  Uprioht  Cinqüefoil.  An  erect,  stout 
hairy  plant,  1-4  ft.  high.  Root-leaves  long-petioled,  pinnate.  Stem- 
leaves  few,  each  of  3-7  leaflets,  the  latter  broadly  ovate  and  cut- 
toothed  or  serrate,  downy  underneath.  Flowers  large,  in  dense 
terminal  Clusters ;  the  petals  whitish  or  cream-cplor.     Rocky  hüls. 

2.  P.  canadensis,  L.  Common  Cinquefoil.  Sterns  slender,  pro- 
cumbent,  silky-hairy,  sending  out  long  runners.  Leaflets  obovate 
wedge-shaped,  appearing  like  5  from  the  divisions  of  the  2  lateral 
ones.  Peduncles  l-flowered  in  the  axils  of  the  leaves.  Flowers 
yellow.     Common  in  dry  pastures  and  a  troublesome  weed. 

3.  P.  argentea,  L.  Silvery  Cinquefoil.  Sterns  prostrate  or 
ascending  and  branching,  wooUy.  Leaflets  oblong,  wedge-shaped, 
those  of  the  upper  leaves  very  narrow,  with  a  few  large,  deeply  cut 
teeth,  smooth  and  green  above,  silvery  beneath,  with  a  dense  coat  of 
white  wool.  Flowers  small  and  somewhat  clustered,  yellow.  Dry 
fields  and  roadsides. 

XI.    6EUM,  L. 

Erect  perennial  herbs.  Radical  leaves  crowded,  pinnate, 
with  a  very  large  terminal  leaflet.  Flowers  and  fruit  müch 
as  in  Potentillay  biit  the  akenes  tailed  with  the  remains  of  the 
styles. 

1.  6.  album,  Gmelin.  White  Avens.  Stern  erect,  branching 
above,  smooth  or  finely  dow^ny,  18-24  in.  high.  Radical  leaves  pin- 
nate, or  the  earliest  simple  and  rounded,  long-petioled,  serrate  or 
dentate,  terminal  lobe  larger  than  the  lateral  lobes;  stemrleaves 
short-petioled,  2-5-lobed  or  parted.  Flowers  on  slender  peduncles. 
Petals  w^hite,  not  longer  than  the  sepals.  Styles  jointed  near  the 
middle,  the  lower  portion  persistent  and  hooked.  Ovaries  and  recep- 
tacle hairy,  head  of  fruit  globose.     Rieh  woods.* 

2.  G.  virginianum,  L.  Stem  2-3  ft.  high,  stout  and  bristly 
hairy.  Lower  leaves  and  root-leaves  pinnate,  varying  greatly;  Upper 
leaves  mostly  of  3  leaflets  or  3-parted.     Petals  white  or  pale  yellow, 
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small,  shorter  than  the  calyx-lobes.  Heads  of  fruit  large,  on  stout, 
hairy  peduncles  ;  the  receptacle  nearly  or  quite  smooth.  Borders  of 
woods  and  datiip  thickets. 

3.  6.  riyale,  L.  VVater  Avkns,  Purple  Avens,  Chocolate 
RooT.  stein  lJ-2  ft.  high,  aomewhat  downy  or  hairy,  simple  or 
nearly  so.  Root-leaves  lyrate  and  soniewhat  pinnate,  with  the  divi- 
sions  irregrular  ;  stem-leaves  few,  of  3  leaflets  or  3-lobed.  Flowers 
rather  large.  Petals  purplish-yellow,  as  long  as  the  brownish-purple 
calyx-lobes.  Styles  long,  purplish;  Stigmas  thread-like,  featbered 
with  soft  hairs,  especially  in  fruit.     Wet  meadows. 


Xn.    ROSA,  Toum. 

Erect,  running  or  climbing  prickly  shrubs.  Leaves  pinnate, 
leaflets  serrate,  stipules  adnate  to  the  petiole.  Calyx-tube 
urn-shaped,  with  a  rather  narrow  mouth.  Petals  (in  Single 
roses)  6.  Stamens  many,  inserted  aronnd  the  inside  of  the 
mouth  of  the  calyx-tube.  Ovaries  many,  hairy,  ripening 
into  bony  akenes,  enclosed  in  the  rather  fieshy  and  sometimes 
eatable  calyx-tube. 

1.  R.  bUnda,  Alt.  Early  Wild  Rose.  Sterns  1-3  ft  high, 
usually  without  prickles  ;  stipules  broad.  Flowers  generally  large, 
corymbed  or  solitary ;  sepals  af ter  flowering  closing  over  the  mouth 
of  the  calyx-tube  and  persistent.     Rocks  and  rocky  shores. 

2.  R.  Carolina,  L.  Swamp  Rose.  Sterns  4-8  ft.  high,  with 
stout  and  generally  recurved  prickles.  Stipules  long  and  narrow ; 
leaflets  commonly  downy  beneath,  finely  serrate.  Flowers  several  in 
a  corymb,  bright  rose-color.  Sepals  spreading  and  falling  off  after 
flowering.     Damp  woods  and  borders  of  swamps. 

3.  R.  lucida,  Ehrh.  Dwarf  Wild  Rose.  Steins  varying  in 
height  from  less  than  a  foot  to  6  ft.,  with  stout,  somewhat  hooked 
prickles.  Stipules  rather  broad ;  leaflets  small,  thickish  and  glossy 
above,  coarsely  toothed  toward  the  tip.  Flowers  corymbed,  or  soli- 
tary, pale  rose-color.  Sepals  spreading  and  falling  off  after  flower- 
ing.    Moist  ground  and  swamps. 

4.  R.  humüis,  Marsh.  Pasture  Rose.  Stern  erect,  branched, 
usually  armed  with  stout  stipular  prickles  and  with  bristles,  but 
sometimes  nearly  smooth,  1-3  ft.  tall.  Leaves  mostly  of  5  leaflets ; 
stipules  entire;  leaflets  oblong-lanceolate  or  oval,  shining  above, 
pale  beueath,  sharply  serrate.  Flowers  solitary  or  2-3  together, 
2-3  in.  broad,  pink.  Peduncles  and  calyx  glandular-downy.  Calyx- 
lobes  leaf-like,  spreading,  finally  deciduous.  Styles  distinct.  Fruit 
globose,  bristly  hairy.    Ou  dry  soil ;  our  most  common  wild  rose.    S.* 


5.  R.  rubiginosa,  L.  Sweetbrier.  Stern  erect  or  curving, 
armed  with  stout  recurved  prickles.  Leayes  with  5-7  leaflets,  the 
latter  broadly  oval,  coarsely  seirate,  glandular-bristly  beneath, 
aromatic.  Flowers  white  or  pink.  Sepals  widely  spreading, 
deciduous.  Fruit  obovate,  slightly  bristly.  Common  in  cultiva- 
tion  and  sometimes  wild.* 

XTTT.    t>RÜNUS,  Toiun. 

Trees  or  shrubs.  Leaves  simple,  with  stipules,  which  are 
often  small  or  fall  off  early.  Calyx  with  a  bell-shaped  or 
urn-shaped  tube  and  6-lobed  spreading  limb,  falling  off  after. 
flowering.  Petals  5.  Stamens  3-5  times  as  numerous,  or 
indefinite,  inserted  on  the  throat  of  the  calyx-tnbe.  Pistil  1, 
long-styled,  with  2  ovules,  ripening  into  a  Single  stone-fruit. 

A.  Stone  oval,  compressed;  fruit  smooth  when  ripe.  Branches  often 
spiny,     (Plums,) 

1.  P.  americana,  Marsh.  Wild  Plum.  A  small  tree,  bark 
thick  and  rough,  branches  spiny.  Leaves  ovate  or  obovate,  acumi- 
nate  at  the  apex,  rounded  or  cordate  at  the  base,  sharply  serrate, 
rather  thick,  downy  beneath ;  petioles  glandulär.  Flowers  in  lat- 
eral, sessile  umbels,  appearing  with  or  before  the  leaves;  pedicels 
J-f  in.  long,  flowers  J-|  in.  in  diameter.  Calyx  downy  withiu; 
fruit  globose,  red  or  yellow,  J-1  in.  in  diameter.  Common  in 
woods.* 

2.  P.  angustifolia,  Michx.  Chickasaw  Plum.  A  small  tree 
with  spiny  branches.  Leaves  lanceolate  or  oblong-lanceolate,  acute 
at  the  apex,  usually  obtuse  at  the  base,  finely  and  sharply  serrate, 
rather  thin,  smooth.  Flowers  in  lateral,  sessile  umbels,  pedicels 
Short  Calyx  smooth.  Fruit  yellowish-red,  subglobose,  skin  thin, 
stone  only  slightly  compressed.     In  old  fields,  S.* 

B.  Stone  deeply  furrowed  and  pitted ;  fruit  downy  when  ripe. 
Branches  not  spiny,     (^Peaches  and  almondsJ) 

3.  P.  persica,  Sieb,  and  Zucc.  Peach.  A  treis  with  a  rounded 
top;  bark  nearly  smooth.  Leaves  lanceolate,  taper-pointed,  finely 
serrate,  smooth  on  both  sides ;  petioles  usually  bearing  2  or  4 
crescent-shaped  or  cup-shaped  glands.  Flowers  pink,  scaly-bracted. 
Fruit  ovoid,  with  a  seam  aJong  one  side.  Often  escaped  fiom  culti- 
vation.* 

C.  Stone  more  or  less  spherical ;  fruit  smooth  when  ript.  Branches 
not  spiny,     (^CherriesJ) 


5-20  ft.  high.  Leaves  thin,  oval  or  oboYate,  pale,  pointed,  sharply 
serrate.  Flowers  small,  white,  in  short  racemes.  Fruit  bright  red, 
turning  at  length  to  dark  crimson,  very  puckery  until  f uUy  ripe. 
River  banks  and  thickets. 

6.  P.  serotina,  Ehrh.  Wild  Black  Cherry.  Often  becoming  a 
large  tree;  bark  on  old  trees  rough,  nearly  black.  Leaves  rather 
thick,  oval  to  lanceolate-ovate,  acute  or  taper-pointed  at  the  apex, 
finely  serrate  with  calloused  teeth,  smooth  above,  downy  on  the  veins 
beneath.  Racemes  terminal,  long  and  spreading.  Flowers  white. 
Fruit  globose,  about  ^  in.  in  diameter,  purplish-black.  In  rieh 
woods.     Wood  much  used  in  cabinet-roaking.* 

6.  P.  CerasuSy  L.  Cherry.  Often  becoming  a  large  tree. 
Leaves  oval  or  ovate,  acute  or  taper-pointed  at  the  apex,  rounded  at 
the  base,  irregularly  serrate-dentate,  smooth  on  both  sides,  resinous 
when  young.  Flowers  in  lateral  umbels,  white ;  pedicels  long  and 
slender.  Fruit  globose,  red  or  black.  This  is  the  European  species 
from  which  most  of  our  cultivated  varieties  have  been  developed.* 


46.   LEGUMINOSiB.     Pulse  Family. 

Herbs,  shrubs,  or  trees.  Leaves  alternate  üsually  Com- 
pound (either  pinnately  or  palmately),  with  stipules,  the  leaf- 
lets  mostly  entire.  Calyx  of  5  sepals,  which  are  more  or  less 
united,  often  somewhat  irregulär.     Corolla,  of  5  petals,  often 


Flo.  14.— I,  Diagram  of  Flower  of  Sweet  Pea,  Lathyrus  odoratus. 
Seotion  of  Flower  (magnified).    III,  Calyx  (magnified). 


U,  Vertical 


Fig.  15.— I,  Stamena  and  Pistil  of  Sweet  Pea  (magnifled).    n,  Fruit..  III,  Part  of 
IVuit,  showing  one  seed. 
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papilionaceous  or  somewhat  regulär,  in  No.  XV  mucli  reduced. 
Stamens  diadelphous  (Fig.  15),  monadelphous,  or  distinct. 
Ovary  simple,  free  from  the  calyx.  Fruit  usually  a  1-celled 
pod  (Fig.  15).    Seeds  one  or  several,  without  endosperm. 

A. 

Flower  regulär^  smcdl.     Stamens  hypogynous,     Leaves  twice  pinnate, 

Petals  not  united  to  each  other.  Stamens  5  or  10.  Pod 
smooth.  Desmanthus,  I. 

Corolla  gamopetalous,  5-cleft.  Stamens  8  or  10.  Pod  minutely 
prickly  or  rough.  Schrankia,  II. 

B. 

Trees,  Flowers  somewhat  or  not  at  all  papilionaceous ;  sometimes  cUmost 
regulär,  The  upper  petal  inside  the  others  in  the  hud,  Stamens  10 
or  less,  usually  not  united  to  each  other,  bome  on  the  calyx, 

Flowers  imperfectly  papilionaceous.     Leaves  simple. 

Cercis,  lU. 

Flowers  not  papilionaceous.     Thornless.  Gymnocladus,  IV. 

Flowers  not  papilionaceous.     Thorny.  Gleditschia,  V. 


Herbs  or  trees.  Flowers  decidedly  papilionaceous.  The  upper  petal 
extemal  in  bud  and  enclosing  the  others,  Stamens  10^  not  united  to 
ench  other, 

Trees.  Cladrastis,  VI. 

Herbs.  Baptisia,  VII. 

D. 

Shrubs  with  a  corolla  of  one  petal  only,  Amorpha,  XV. 

E. 

Herbs,  shrubs,  or  trees.  Flowers  decidedly  papilionaceous.  Stamens 
monadelphous  or  diadelphous  (in  the  latter  case  usually  9  and  1,  as  in 
Fig.  15). 


i.  idiamens  wiin  aniners  oi  iwo  lorms.     L«eaTes  paimateiy  Com- 
pound. 
Herbs.     Leaves  with  roany  leaflets.  Lupinus,  VIII. 

Trees.  Labumum,  IX. 

Low  shrubs.  Cytisus,  X. 

2.  Anthers  all  alike  ezcept  in  No.  14. 

Leaves  nsually  with  3  leaflets.     Leaflets  with  flne  teeth, 
except  in  No.  14. 

(a)  Pod  coiled.  Medicago,  XI. 

(b)  Pod  not  coiled.     Flowers  in  racemes.      Melilotus,  XII. 

(c)  Pod  not  coiled.     Flowers  in  heads.       Trifolium,  XIII. 
(rf)  Leaflets  entire.  Psoralea,  XIV. 

3.  Leaves  odd-pinnate,  with  more  than  3  leaflets. 

(e)  Low  Woody  shrubs.  Amorpha,  XV. 

(/)  Tall  twining  shrubs.  Wistaria,  XVL 

(g)  Trees.  Robinia,  XVII. 

(Ä)  Herbs.  Astragalus,  XVIII. 

4.  Leaves  pinnate,  the  midrib  prolonged  into  a  tendril. 

(i)  Leaflets  usually  many  pairs.  Style  slender,  bearded 
only  at  the  tip  or  all  round  the  Upper  portion.  Pod 
2-several-8eeded.  Vicia,  XIX. 

(/)  Leaflets  few  or  several  pairs.  Style  bearded  along  one 
face  only,     Pod  several-seeded.  Lathyrus,  XX. 

(k)  leaflets  1-3  pairs.  Style  enlarged  above,  grooved  on 
the  back.  Pod  several-seeded  ;  seeds  large,  globular 
or  nearly  so.  Pisum,  XXI. 

I.    DESHANTHUS,  WUld.  * 

Shrubs  or  perennial  herbs ;  stems  erect  or  diffuse,  smooth. 
Leaves  abruptly  twice-pinnate  ;  stipules  small.  Flowers  in 
heads  or  Spikes,  on  axillary  peduncles,  the  upper  perfect,  the 
lower  often  staminate  or  neutral.  Calyx  6-toothed.  Corolla 
of  5  distinet  petals  or  6-cleft.  Stamens  6-10,  distinet. 
Uvary  nearly  seasile,  flat,  several-seeded.* 
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1.  D.  brachylobus,  Benth.  Desmakthus.  Stein  erect  or  asoend- 
ing,  smooth,  1-4  ft.  high.  PinnsB  6-14  pairs,  each  with»  a  ininute 
gland  at  the  base ;  leaflets  20-30  palrs,  small,  linear.  Heads  glo- 
bose.  Stamens  5.  Pods  seyeral,  on  a  peduncle  2-3  in.  long,  cmred, 
flat,  2-Yalyed,  3-6-fleeded.     Open,  sandy  fields.* 

n.    SCHRAlfKIA,  Willd. 

Perennial  herbs  ;  stems  reclining  or  prostrate,  prickly,  2-6 
ft.  long.  Leaves  twice-pinnate  ;  stipules  bristly.  Flowers 
perfect  or  somewhat  monoecious,  in  axillary  peduncled  heads. 
Calyx  minute.  Corolla  tubulär,  5-cleft.  Stamens  8-10,  dis- 
tinct.     Pod  long,  prickly,  1-celled.* 

1.  S.  uncinata,  Willd.  Sensitive  Brier,  Sensitive  Rose, 
Shame  Vine.  Plant  covered  with  hooked  prickles.  Leaflets  ellip- 
tical,  with  a  conspicuous  network  of  veins  beneath;  leaves  closing 
gradually  after  being  touched.  Flowers  rose-colored.  Pods  nearly 
cylindrical,  2  in.  long.  Dry,  sandy  soll  and  rolling  prairies,  espe- 
cially  S.  and  W. 

m.    CERCIS,  L. 

Trees.  Leaves  simple  with  stipules.  Flowers  in  axillary 
Clusters,  papilionaceous.  Calyx  bell-shaped,  ö-toothed.  Sta- 
mens 10,  distinct.  Ovary  short-stalked ;  ovules  several. 
Fruit  a  flattened  pod. 

1.  C.  canadensis,  L.  Rkdbud.  A  small  tree,  10-20  ft.  high,  wood 
hard  but  weak,  bark  smooth,  dark-colored.  Leaves  broadly  cordate, 
abruptly  acute,  rather  thick,  very  smooth  above,  ofteu  slightly 
downy  below.  Flowers  several  in  a  Cluster,  appearing  before  the 
leaves,  pinkish-purple.  Pod  oblong,  compressed,  many-seeded.  Com- 
mon on  rieh  soil,  especially  S.* 


IV.    6YHN0CLADÜS,  Lam. 

A  large,  thornless  tree,  its  twigs  few  and  stout.  Leaves 
very  large,  twice  pinnately  Compound,  without  stipules. 
Flowers  regulär,  whitish,  dioecious  or  somewhat  monoecious, 
in  racemes  at  the  ends  of  the  branehes.  Calyx-tube  rather 
long,  its  5  lobes  spreading.  Petals  oblong,  all  alike,  inserted 
with  the  stamens  on  the  throat  of  the  calyx.  Stamens  of 
the  fertile  flowers  usually  not  poUen-bearing.    Pod  hard,  flat, 
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partly  filled  with  a  sweet  substance,  slow  in  opening.     Seeds 
several,  flattish,  over  J  in.  in  diameter,  very  hard  and  shining. 

1.  6.  canadensis,  Lam.  Kentucky  Coffee  Tree.  Tree  50  ft. 
or  more  in  height,  with  rough  gray  bark.  Leaves  2-3  ft.  long,  the 
leaflets  vertical.  Pods  sometimes  nearly  1  ft.  long.  Rieh  soil  and 
river  bottoms,  especially  S.  and  W. 

y.    GLEDITSCHIA,  L. 

Large  trees ;  bark  dark-colored,  nearly  smooth.  Leaves 
usually  pinnately  twice  Compound  ;  leaflets  serrate.  Flowers 
somewhat  moncBcious,  in  small  spike-like  racemes.  Calyx 
spreading,  3-5-cleft.  Petals  as  many  as  the  sepals  and 
inserted  at  the  summit  of  the  tube.  Stamens  5-10,  distinct, 
inserted  with  the  petals.  Ovary  nearly  sessile,  ovoid  or 
elongated.     Fruit  a  1  or  many  seeded,  leathery  pod.* 

1.  6.  Triacanthosy  L.  Honey  Locust.  A  large  tree,  nsually  armed 
with  stout,  branched  thoms,  which  are  sometimes  a  foot  or  more  in 
length.  Leaves  petioled  ;  leaflets  short-stalked,  lanceolate-oblong, 
base  inequilateral,  smooth  above,  of ten  downy  below.  Racemes  soli- 
tary  or  in  small  Clusters,  drooping.  Flowers  inconspicnous,  greenish. 
Pod  linear-oblong,  often  12-15  in.  long  by  1  in.  wide,  twisted,  many- 
seeded,  smooth  and  shiny,  pulpy  within.  In  rieh  woods.  [The 
thorns  are  plainly  modified  branches  bearing  dormant  buds,  and 
often  partially  developed  leaves.  The  early  spring  leaves  are  usually 
only  once  Compound,  while  those  of  later  growth  are  almo3t  invaria- 
bly  twice  Compound.  Often  a  Single  leaf  will  show  both  forms  of 
compounding.]* 

VL    CLADRASTIS,  Raf . 

A  moderate-sized  tree  with  smooth  dark  gray  bark  and 
yellow  wood.  Leaves  of  7-11  smooth  oval  or  ovate  leaflets. 
Flowers  creamy-white,  in  long,  drooping  panicles.  Calyx 
5-toothed.  Standard  large,  nearly  round,  reflexed  ;  petals  of 
the  keel  and  wings  separate  and  straight.  Stamens  10, 
unconnected  with  eaeh  other.  Pod  borne  on  a  short  stalk 
above  the  calyx.     Seeds  4-6. 

1.  C.  tinctoria,  Raf.  Yellow  Wood.  Tree  50  ft.  or  less  in 
height,  much  branched,  with  a  round,  spreading  top.  Hillsides,  in 
fertile  soil,  south  central  states.  Also  considerably  planted  as  a 
shade  tree. 


122  FOUNDATIONS  OF   BOTANY 


Vn.    BAPTISIA,  Vent. 

Perennial  herbs;  stems  erect,  widely  branched.  Leaves 
simple  or  palmate,  of  3  leaflets.  Flowers  in  racemes.  Calyx 
4-5-lobed,  persistent,  the  upper  lobe  usually  longer  and 
notched ;  Standard  rounded,  its  sides  reflexed,  wings  about 
as  long  as  the  keel.  Stamens  10,  distinct.  Pod  stalked, 
long-pointed  by  the  remains  of  the  style.  Planta  usually 
becoming  black  in  drying.* 

1.  B.  tinctom,  R.  Br.  Wild  Indigo.  Stern  smooth,  slender, 
2-^  ft.  high;  branches  slender.  Leaves  of  3  leaflets,  on  short 
petioles,  the  upper  nearly  sessile  ;  stipules  minute,  qnickly  deciduous. 
Leaflets  obovate  to  oblauceolate,  obtuse  at  the  apex,  wedge-shaped 
at  the  base,  entire.  Racemes  uumerous,  terminal.  Flowers  yellow, 
i  in.  long.  Pod  globose,  ovoid,  on  a  stalk  about  the  length  of  the 
calyx,  point  long  and  sleuder.  Plant  blackening  in  drying.  Com- 
mon on  dry,  sandy  soil.* 

2.  B.  leucophsea,  Nutt.  Low,  hairy,  and  branching.  Leaves 
nearly  sessile,  leaflets  oblanceolate  or  obovate-spatulate.  Stipules  tri- 
anguLar-ovate,  large,  persistent ;  bracts  large  and  leaf-like.  Racemes 
long.  Flowers  large,  yellowish-white.  Pod  ovoid,  swollen.  Prairies 
and  open  woods,  W.  and  S.  . 

3.  B.  leucantha,  Torr,  and  Gr.  Stout,  smooth,  and  covered  with 
a  bloom,  3  ft.  or  more  high,  with  spreading  branches.  Petioles 
Short ;  lanceolate  stipules  and  bracts  falling  off  early.  Racemes 
erect.  Flowers  large,  white.  Pods  ellipsoidal,  2  in.  long,  borne  on 
a  stalk  twice  as  long  as  the  calyx.     Rieh  river  bottoms  and  prairies. 

4.  B.  allMi,  R.  Br.  White  Wild  Indigo.  Stem  smooth  and 
with  a  bloom,  often  purple,  2-3  f t.  high ;  branches  slender,  spreading. 
Leaves  petioled,  with  3  leaflets;  stipules  minute,  soon  deciduous. 
Flowers  white,  mostly  in  a  single  raceme  which  is  1-3  ft.  long,  with 
occasionally  lateral,  few-flowered  racemes.  Pod  linear-oblong,  the 
point  very  slender  and  soon  deciduous.  Plant  unchanged  in  drying. 
In  damp  soil.* 

6.  B.  australis,  R.  Br.  Blue  Falbe  Indigo.  Stem  smooth, 
stout,  2-4  ft.  high.  Leaves  of  3  leaflets,  short-petioled ;  stipules 
lanceolate,  persistent,  longer  than  the  petioles ;  leaflets  oblong, 
wedge-shaped  or  narrowly  obovate,  entire.  Flowers  bright  blue, 
1  in.  long,  in  terminal,  erect,  loosely  flowered  racemes ;  stalk  about 
the  length  of  the  calyx.  Pod  oblong,  with  a  slender,  persistent 
point.     Banks  of  rivers;  often  cultivated  for  omament* 
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Vm.    LUPINÜS,  Touzn. 

Biennial  or  perennial  herbs.  Leaves  simple  or  palmately 
Compound.  Flowers  showy,  in  terminal  racemes.  Calyx 
2-lipped,  5-toothed.  Standard  round,  with  the  sides  reflexed, 
keel  scythe-shaped.  Stamens  monadelphous,  anthers  alter- 
nately  oblong  and  roundish.  Ovary  sessile  ;  matured  pod 
oblong,  several-seeded,  often  compressed  between  the  seeds.* 

1.  L.  perennis,  L.  Perennial ;  stem  erect,  downy,  12-18  in.  high. 
Leaves  palmately  7-9  foliate ;  leaflets  obovate  or  oblanceolate,  obtuse 
and  mucronate  at  the  apex,  slightly  downy  ;  petiole  slender ;  stipules 
small.  Racemes  terminal,  slender,  loosely  many-flowered.  Flowers 
purple,  blue,  pink,  or  white.  Pod  oblong,  densely  downy,  fewnseeded. 
Dry,  Sandy  soll.* 

IX.    LABURNÜM,  Benth. 

Trees  or  shrubs.  Leaves  of  3  leaflets,  with  very  small 
stipules  or  none.  Flowers  golden-yellow,  in  slender,  drooping 
racemes.  Calyx  2-lipped,  the  upper  lip  2-toothed,  the  lower 
3-toothed.  Standard  ovate,  upright,  of  the  same  length  as 
the  straight  wings.  Stamens  diadelphous  (9  and  1).  Ovary 
and  pod  somewhat  stalked  above  the  calyx,  several-seeded. 

1.  L.  vulgare,  Gris.  Laburnum,  Golden  Chain.  A  small  tree, 
with  smooth,  greenish  bark.  Leaves  with  slender  petioles  ;  leaflets 
oblong-ovate,  acute  at  the  base,  taper-pointed,  downy  beneath. 
Flowers  showy,  in  graceful  racemes.     Cultivated  from  Europe. 


X.    CYTISUS,  L. 

Shrubs,  rarely  spiny.  Leaves  of  1-3  leaflets  or  none  ;  stip- 
ules very  small.  Calyx  2-lipped,  the  upper  lip  slightly 
2-toothed,  the  lower  3-toothed.  Keel  straight  or  a  little 
curved,  blunt,  turned  down  after  flowering.  Stamens  with 
their  filaments  all  united  ;  anthers  every  other  one  short  and 
attached  by  its  center,  the  alternate  ones  long  and  fastened 
by  their  bases.  Style  curved  in,  or,  after  the  flower  opens, 
coiled  up.     Pod  flat,  long,  many-seeded. 

1.  C.  canarionsis,  Steud.  A  shrub  with  many  rather  stiff,  erect, 
slender  branches.     Leaves  abundant,  very  small,  covered  with  soft 
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gray  hairs  ;  leaflets  3,  obovate.  Flowers  rather  small,  yellow,  in 
somewhat  erect  racemes.  Cnltivated  in  greenhouses.  From  the 
Canary  Islands. 

XI.    MEDICAGO,  Touzn. 

Annual  or  perennial  herbs ;  leaves  petioled,  of  3  toothed 
leaflets.  Flowers  in  terminal  and  axillarj  spikes  or  racemes. 
Calyx  5-toothed,  the  teeth  short  and  slender.  Standard 
oblong,  mueb  longer  than  the  wings  or  keel.  Stamens  10, 
diadelphous.  Ovary  sessile.  Pod  l-several-seeded,  coiled, 
not  Splitting  open,  often  spiny.* 

1.  M.  satiya,  L.  Alfalfa.  Perennial;  stems  erect,  branching, 
downy  when  young,  becoming  smooth  with  age,  2-3  ft.  high. 
Leaves  short-petioled ;  leaflets  obovate,  sharply  dentate  towards  the 
apex,  obtuse  or  soraetimes  notched  or  mucronate ;  stipules  lanceolate, 
entire.  Flowers  blue,  small,  in  rather  close  spikes ;  pods  downy, 
coiled,  few-seeded.  Introduced  from  Europe,  and  cnltivated  for  hay 
and  pasture.* 

2.  M.  lupnlina,  L.  Black  Medick,  Nonesuch.  An  annual  or 
biennial,  much  brancbed,  reclining  herb,  with  stems  from  6-20  in. 
long.  Leaves  very  short-petioled ;  leaflets  obovate,  acute,  j-}  in. 
long,  toothed  near  the  tip.  Flowers  small,  yellow,  in  short  spikes. 
Pods  very  small,  1-seeded,  kidney-shaped,  black.  Roadsides  and 
waste  ground,  introduced  from  Europe. 

Zn.    HELILOTÜS,  Totun. 

Annual  or  biennial  herbs.  Leaves  petioled,  of  3  leaflets. 
Flowers  small,  white  or  yellow,  in  (  se  axillary  and  terminal 
racemes.  Calyx  6-toothed,  the  teetn  nearly  equal.  Standard 
erect,  wings  and  keel  cohering.  Stamens  10,  diadelphous. 
Pod  longer  than  the  calyx,  1-4-seeded.* 

1.  M.  alba,  Lam.  Melilotus.  Biennial ;  stem  erect,  branching, 
smooth  or  the  young  branches  slightly  downy.  Leaflets  oblong  or 
oblanceolate,  rounded  or  truncate  at  the  apex,  serrate ;  stipules  small. 
Racemes  long,  slender,  erect.  Flowers  white.  Standard  longer  than 
the  wings  and  keel.  Pod  ovoid,  wrinkled,  drooping,  mostly  l-seeded, 
scarcely  opening.     Common  as  a  weed  and  widely  cultivated.* 

2.  M.  officinalis,  Willd.  Yellow  Sweet  Clover.  A  stout, 
upright,  branching  herb,  2-4  ft.  high,  looking  much  like  the  preced- 
ing  species,  but  coarser.  Flowers  yellow.  Waste  ground  and  road- 
sides.    Introduced  from  Europe. 
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Xm.    TRIFOLIUM,  Toaxn. 

Annual,  biennial,  or  perennial  herbs.  Sterns  more  or  less 
spreading.  Leaves  petioled,  of  3  toothed  or  serrate  leaflets  ; 
stipules  adnate  to  the  petioles.  Flowers  white,  yellow,  or 
red,  in  heads.  Calyx  ö-cleft,  the  teeth  nearly  equal  and 
subulate.  Petals  withering-persistent,  keel  shorter  than  the 
wings.  Stamens  diadelphous.  Pod  smooth,  1-6-seeded, 
scarcely  opening.* 

1.  T.  procnmbens,  L.  Low  Hop-cloter.  Annual ;  stein  elender, 
erect,  or  spreading,  downy,  6-10  in.  long.  Leaves  short-petioled ; 
leaflets  obovate  or  obcordate,  finely  dentate,  the  middle  one  distinctly 
stalked  ;  stipules  lanceovate.  Flowers  yellow,  reflexed  in  fruit.  Pod 
iHseeded.     Common  on  clay  soil,  in  waste  places.* 

2.  T.  incamatum,  L.  Crimson  Clover.  Annual  ;  stem  erect, 
somewhat  branched,  downy,  1-2  ft.  high.  Lower  leaves  long-,  the 
Upper  short-petioled;  leaflets  obovate  or  wedge-shaped,  toothed  at 
the  apex.  Flowers  bright  crimson,  sessile,  in  terminal  heads  which 
finally  become  much  elongated.  Calyx  silky,  its  lobes  long  and 
plumose.     Introduced  and  cultivated  for  fodder. 

3.  T.  pratense,  L.  Red  Clover.  Biennial  or  short-lived  peren- 
nial ;  stems  spreading,  branching,  downy,  1-3  ft.  long.  Leaves  long- 
petioled  ;  stipules  large  ;  leaflets  oval  to  obovate,  finely  toothed,  of  ten 
with  a  dark  triangulär  spot  near  the  center.  Flowers  red  or  purple, 
in  globose  heads,  erect  in  fruit.  Calyx-teeth  bristle-shaped,  hairy. 
Pod  1-3  seeded.     Introduced  and  widely  cultivated.* 

4.  T.  carolinianum,  Michz.  Carolina  Clover.  Perennial; 
stems  spreading  or  ascending,  much-branched,  downy,  6-10  in.  long. 
Leaves  short-petioled ;  leaflets  smaU,  obovate  or  obcordate,  slightly 
toothed.  Heads  small,  globose,  on  long  peduncles.  Flowers  white, 
tinged  with  purple,  reflexed  in  fruit.  Pod  4-seeded.  Common  in 
waste  places  S.* 

5.  T.  repens,  L.  White  Clover.  Perennial;  stems  widely 
branching  at  the  base,  prostrate  and  creeping,  nearly  smooth,  6-12 
in.  long.  Leaves  long-petioled ;  leaflets  oval,  obovate  or  obcordate, 
minutely  toothed.  Heads  globose,  long-peduncled.  Flowers  white, 
reflexed  in  fruit.  Pod  3-4-8eeded.  Introduced;  common  about 
houses  and  in  pastures.* 

6.  T.  hybridum,  L.  Alsikb  Clover.  Perennial,  considerably 
resembling  No.  5,  but  the  stems  more  upright  and  stouter.  Leaflets 
varying  frora  broadly  ovate  to  ovate-lanceolate,  mucronate  or 
slightly  notched,  the  margins  fringed  with  hairs ;  stipules  prolonged 
into  bristle-like  points.  Flowers  rose-color  and  white,  very  fragrant. 
In  fields  and  along  roadsides.     Introduced  from  Europe. 
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XIV.    PSORALEA,  L. 

Perennial  herbs  ;  whole  plant  glandular-dotted.  Leaves  of 
3-5  leaflets  ;  stipules  cohering  with  the  petioles.  Flowers  in 
axillary  or  terminal  spikes  or  racemes.  Calyx  5-eleft,  the 
lobes  nearly  equal.  Standard  ovate  or  orbicular,  keel 
incurved,  obtuse.  Stamens  monadelphous  or  diadelphous, 
5  of  the  anthers  often  undeveloped.  Ovary  nearly  sessile. 
Pod  included  in  the  calyx,  often  wrinkled,  remaining  closed^ 
1-seeded.* 

1.  P.  melilotoides,  Michz.  Samsox's  Snakeroot.  Stern  erect^ 
ßlender,  branching  above,  down}',  1-2  ft.  high.  Leaves  of  3  leaflets ; 
petioles  shorter  than  the  leaflets;  stipules  awl-shaped;  leaflets 
elliptical  or  oblong-lanceolate,  sparingly  glandular-dotted,  the  termi- 
nal one  stalked.  Loosely  flowered  spikes  axillary  and  terminal,  on 
peduncles  much  longer  than  the  leaves.  Flowere  blue  or  purple, 
about  i  in.  long.  Pod  compressed-globose,  wrinkled  transversely. 
Dry  soU.* 

2.  P.  tenuiflora,  Pursh.  Upright,  slender,  bushy  and  branching, 
2-A  ft.  high,  covered  when  j^oung  with  a  fine  grayish  down.  Leaves 
palmately  Compound,  with  3-5  linear  to  obovate-oblong  leaflets,  cov- 
ered with  glandulär  dots.  Flowers  J-^  in.  long,  loosely  racemed. 
Pod  rough  with  glands.     Prairies,  W. 

3.  P.  esculenta,  Pursh.  Pomme  Blanche,  Tipsin,  Dakota  Tur- 
NiP.  Clothed  with  roughish  hairs.  Stem  5-15  in.  high,  erect  and 
stout.  Root  turnip-shaped,  starchy,  eatable.  Leaves  palmately 
Compound,  with  5  lance-oblong  leaflets.  Flowers  ^  in.  long,  in  a 
dense  ellipsoidal  spike.  Pod  hairy,  with  a  pointed  tip.  High 
prairies  or  plaius,  especially  N.  W. 


XV.    AMORPHA,  L. 

Smallshrubs,  glandular-dotted.  Leaves  odd-pinnate.  Flowers 
purple,  blue,  or  white,  in  elender  spikes  or  racemes.  Calyx 
6-toothed,  persistent.  Standard  obovate,  concave,  wings  and 
keel  none.  Stamens  monadelphous,  projecting  much.  Ovary 
sessile.  Pod  curved,  glandular-ronghened,  1-2-seeded,  never 
opening.* 

1.  A.  fruticosa,  L.  False  Indigo.  A  shrub  6-15  ft.  high,  with 
smooth,  dark-brown  bark.  Leaves  petioled;  leaflets  15-21,  short- 
stalked,  oblong,  obtuse  or  notched,  sparingly  punctata  with  clear 
dots.     Slender  flowering  spikes,  panicled  or  solitary,  4-6  in.  long. 
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Flowers  blue  or  purple.     Calyx-teeth  short,  nearly   equal,   downy. 
Pod  glandulär.     River  banks.* 

XVI.    WISTARIA,  Nntt. 

Tall,  twining  shrubs.  Leaves  odd-pinnate.  Racemes  ter- 
minal. Flowers  large  and  showy.  Calyx  2-lipped,  the  upper 
lip  2-cleft,  short,  the  lower  longer  and  3-cleft.  Standard 
large,  round,  with  2  calloused  ridges  at  the  base,  wings 
eared  at  the  base,  keel  scythe-shaped.  Pod  long,  stalked, 
leathery,  2-valved,  several-seeded.* 

1.  W.  frutescens,  Poir.  Wistaria.  Stern  climbing  30-40  ft., 
ofteu  2-3  in.  in  diaraeter  at  the  base ;  branches  and  leaves  downy 
when  young,  becoming  smoother  with  age.  Leaves  shortrpetioled ; 
stipules  min  Ute ;  leaflets  9-17,  ovate-lanceolate,  acute  at  the  apex, 
rounded  at  the  base.  Racemes  large,  densely  flowered.  Calyx 
downy.  Corolla  lilac-purple,  one  wing  with  a  short  and  one  with  a 
long  appendage  at  the  base.  Pod  2-3  in.  long,  2-4-seeded.  River 
banks  S.     Often  cultivated  for  Ornament.* 

2.  W.  chinensis,  DC.  Chinese  Wistaria.  Larger  and  faster 
growing  than  No.  1.  Racemes  longer  and  more  slender.  Wing- 
appendages  equal.  Seidom  fruiting  in  this  region.  Cultivated  from 
China  or  Japan. 

XVn.    ROBINIA,  L. 

Trees  or  shrubs.  Leaves  odd-pinnate  ;  stipules  often  spiny. 
Flowers  showy,  in  axillary  racemes.  Calyx  short,  5-toothed, 
the  two  Upper  teeth  shorter  and  partially  united.  Standard 
large,  orbicular,  reflexed,  keel  obtuse.  Stamens  diadelphous. 
Style  bearded  on  one  side.     Pod  compressed,  several-seeded.* 

1.  R.  Pseudacacia,  L.  Black  Locust.  A  tree  of  medium  size ; 
bark  rough  and  nearly  black;  twigs  and  leaves  smooth.  Leaflets 
9-15,  ovate  or  oblong,  obtuse  and  slightly  mucronate  at  the  apex; 
stipules  forming  persistent  spines.  Racemes  loose,  pendulous,  3-5  in. 
long.  Flowers  white,  fragrant.  Pod  smooth,  4-8-seeded.  Intro- 
duced  and  quite  common ;  wood  very  durable  when  exposed  to  the 
weather,  and  exten sively  used  for  posts.* 

XVm.    ASTRAGALÜS,  Touni. 

Mostly  perennial  herbs.  Leaves  odd-pinnate.  Flowers  in 
Spikes  or  racemes.    Calyx  5-toothed.    Petals  long,  erect,  with 
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claws.  Standard  narrow.  Stamens  diadelphous  (9  and  1). 
Pod  usually  swoUen,  sometimes  fleshy  and  eatable,  several- 
many-seeded. 

1.  A.  caryocarpufl,  Ker.  Groünd  Plüm,  Buffalo  Apple.  Covered 
with  pale,  close-lying  down.  Leaflets  narrow,  oblong.  Flowers  violet- 
purple,  in  a  short,  narrow  raceme.  Fruit  looking  like  a  small,  green, 
pointed  plnm,  about  |  in.  in  diameter,  eatable.  N.  W.,  and  S.  to 
TexM. 

2.  A.  mezicanufly  A.  DC.  Prairie  Apple.  Smooth  or  with 
8ome  loose  hairs.  Corolla  cream-color,  with  the  tip  bluish.  Fruit 
globular,  not  pointed,  eatable.     Prairies,  Illinois  and  S.  W. 

3.  A.  canadensis,  L.  Erect,  often  tall  (1-4  ft.  high),  more  or  less 
downy.  Leaflets  oblong,  21-27.  Flowers  pale  greeiiish,  in  long 
Spikes.   Pod  dry,  2-celled,  sessile.    River  bottoms,  prairies,  and  woods. 


ZDC.    VICIA,  Tooni. 

Climbing  or  spreading  berbs.  Leaves  odd-pinnate,  usually 
ending  in  a  tendril.  Leaflets  many,  entire  or  toothed  at  the 
tip  ;  stipules  half  arrow-shaped.  Flowers  blue,  purple,  or  yel- 
low,  in  axillary  racemes.  Calyx-teeth  nearly  equal.  Wings 
adnate  to  the  keel.  Stamens  diadelphous  (9  and  1) ;  fila- 
ments  thread-shaped,  anthers  all  alike.  Style  bent,  smooth  or 
downy  all  round  or  bearded  below  the  stigma  ;  ovules  usually 
many.     Pod  flattened,  2-several-seeded.     Seeds  globular. 

1.  V.  americana,  Muhl.  Wild  Vetch,  Buffalo  Pea.  Peren- 
nial. Smooth,  1-3  ft.  high.  Leaflets  10-14,  elliptical  or  ovat«- 
oblong,  obtuse.  Peduncles  shorter  than  the  leaves,  4-8-flowered. 
Flowers  bluish-purple,  J  in.  long.     Common  N.  and  W. 

2.  V.  caroliniana,  Walt.  Perennial.  Smooth  or  nearly  so,  4-6  ft. 
high.  Leaflets  8-21,  narrowly  oblong,  blunt.  Peduncles  loosely 
flowered.  Flowers  smaller  than  in  No.  1,  whitish  or  tipped  with  pale 
purple.     River  banks. 

3.  V.  satiya,  L.  Common  Vetch.  Annual.  Stem  simple, 
smooth  or  downy,  reclining,  1-3  ft.  long.  Leaves  short-petioled ; 
leaflets  5-7  pairs,  obovate-oblong  to  linear,  obtuse,  notched  and 
mucronate  at  the  apex.  Flowers  in  pairs,  nearly  sessile  in  the  axils, 
pale  purple,  J-1  in.  long.  Pod  linear,  several-seedeJ  Introduced 
from  Europe  and  common  in  cultivation.* 
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XX.    LATHTRÜS,  Totun. 

Like  Vicia  excepting  that  the  leaflets  are  fewer  and  the 
style  is  bearded  on  the  side  toward  the  Standard. 

1.  L.  ▼enoaufly  Muhl.  Veiny  Vetch.  Perennial.  Stern  stout, 
prominently  angled,  climbing  or  reclining,  2-5  ft.  long.  Leaves 
short-petioled ;  stipules  large,  lanceolate ;  leaflets  5-7  pairs,  broadly 
ovate-obtuse,  mucronate.  Peduncles  nearly  as  long  as  the  leaves, 
luauy-flowered.  Flowers  purple,  f  in.  long.  Calyx-teeth  very 
unequal.  Pod  linear,  veined,  4-6-8eeded.  Shady  banks  and  moist 
prairies.* 

2.  L.  maritimiu,  Bigelow.  Bkach  Pba.  Perennial.  Stern  stout, 
1-2  ft.  high.  Stipules  broadly  ovate  and  heart  or  halberd  shaped, 
nearly  as  large  as  the  6-12  leaflets,  of  which  the  lower  pair  is  the 
largest ;  tendrils  pretty  large.  Flowers  large,  blue  or  purple.  Sea- 
shores  and  beaches  of  the  Great  Lakes. 

3.  L.  palnatris,  L.  Wild  Pea.  Stern  frequently  winged,  slender, 
and  climbing  by  delicate  tendrils  at  the  ends  of  the  leaves.  Stipules 
narrow  and  pointed ;  leaflets  4-8,  narrowly  oblong  to  linear,  acute. 
Peduncles  bearing  2-6  pretty  large,  drooping,  blue,  purple,  and 
white  flowers.     Damp  thickets  and  borders  of  swamps. 

•  4.  L.  odoratus,  L.  Sweet  Pea.  Annual.  Stern  roughish- 
hairy,  it  and  the  petioles  winged.  Leaflets  only  one  pair,  oval  or  ob- 
long. Flowers  large,  2  or  3  on  the  long  peduncles,  sweet-scented, 
white,  rose-color,  purple,  or  variegated.     Cultivated  from  Europe. 

XXI.    PISÜM,  L. 

Climbing  or  prostrate  herbs.  Style  enlarged  above,  groöved 
on  the  back,  soft-hairy  down  on  the  inner  edge.  Leaflets 
IS  pairs.     Flowers  and  fruit  much  like  those  of  Lathyrus, 

1.  P.  sativuin,  L.  Common  Pea.  Annual.  Smooth  and  covered 
with  a  bloom.  Leaflets  usually  2  pairs;  tendrils  branching;  stip- 
ules large,  ovate,  rather  heart-shaped  at  the  base.  Peduiicle  severa!- 
flowered.  Flowers  white,  bluish,  reddish,  or  variegated.  Pods  large ; 
seeds  globular  or  soniewhat  flattened  and  wrinkled.  There  are 
many  varieties,  differing  greatly  in  size,  of  the  plant  and  of  the 
fruit.     Cultivated  from  Europe  (?). 

47.   GSRANIACEiB.     Geranium  Family. 

Herbs  or  small  shrubs.  Leaves  simple,  usually  with  glan- 
dulär hairs  which  secrete  an  aromatic  oiL     Flowers  perfect, 
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axillary  and  solitary  or  clustered,  regulär  or  sliglitly  irregulär 
hypogynous,  tji^ir  parts  in  fives.  Stamens  5  or  10,  monadel- 
phous  at  the  ok^.  Carpels  5,  each  2-oyuled,  Splitting  away 
with  their  long  st^es  wben  ripe  from  a  central  axis  and  thus 
scattering  the  seedsV 

L    GERAJnUM,  Touxn. 

Herbs,  rarely  shruhs.  Leaves  with  stipules,  opposite  or 
alternate,  usually  cut  or  lobed.  Flowers  regulär,  on  1-2- 
iiowered  axillary  pedundes.  Sepals  and  petals  5.  Stamens 
10,  ripening  in  2  sets.     Ovary  6-lobed,  5-beaked  ;  stigmas  5. 

1.  6.  maculatum,  L.  Wild  Cranesbill,  Wild  Geraniüm. 
PerenDial,  with  an  erect,  hairy  stein,  12-18  in.  high.  Leaves  about 
5-parted,  marked  with  pale  blotches,  the  root-leaves  long-petioled. 
Flowers  large  (1  in.  or  more  in  diameter),  light  purple,  somewhat 
corymbed.  Petals  entire,  twice  as  long  as  the  calyx,  the  claw 
bearded.     Open  woods  and  thickets ;  common. 

2.  G.  robertianum.  Herb  Robert.  Annual  or  biennial.  Sterns 
somewhat  hairy,  weak  and  spreading,  reddish.  Leaves  of  5  leaflet-s, 
the  latter  once  or  twice  pinnately  cut,  long-petioledt*  -  Flowers  light 
purple,  about  J  in.  in  diameter,  streaked  with  dark  and  light  red. 
Claws  of  petals  suiooth.     Damp  woods  and  ravines  £. 


n.    PELARGONIUM,  L'Her. 

Perennial  herbs  or  shrubs.  Leaves  with  stipules,  scented. 
Flowers  much  as  in  the  preceding  genus,  but  one  of  the 
sepals  hoUowed  out  below  into  a  nectar-bearing  tube  extend- 
ing  down  the  pedicel.  The  2  upper  petals  difiFerent  in  size  or 
shape  from  the  other  3.  Cultivated  froin  the  Cape  of  Good 
Hope.  [Most  of  the  species  are  commonly,  though  not  qaite 
correctly,  called  "  geraniums."  Only  a  few  of  the  commonest 
are  here  described.] 

1.  P.  peltatum,  Alt.  Ivy  Geranium.  Stems  somewhat  prostrate 
and  trailin>r.  Leaves  somewhat  peltate,  smooth  or  nearly  so. 
Flowers  pink  or  white. 

2.  P.  zonale,  Willd.  Horseshok  Geranium.  Stern  erect, 
widely  branched,  woody  below.  Leaves  alternate,  opposite  or  some- 
times  in  3 's,  round  or  kidney-shaped,  palmately  veined,  crenate, 
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downy,  usually  with  a  dark  zone  near  the  middle.  Flowers  in  a 
long  peduncled  umbel,  showy,  red  or  white,  often  <^uble.  Number- 
less  varieties  in  cultivation. 

3.  P.  graveoleiu,  Alt.  Rose  Gerakium.  Stern  erect  or  ascend- 
ing,  densely  downy,  1-3  ft.  high.  Leaves  alternate,  palmately  lobed 
or  divided,  the  lobes  often  fiuely  dissected,  rolled  under  at  the  edges. 
Flowers  umbelled,  small,  light  purple  with  darker  veins  ;  whole 
plant  very  fragrant.     Common  in  cultivation. 

4.  P.  odoratissimum,  Alt.  Nutmeo  Geranium.  Branche» 
crooked  and  straggling  from  a  very  short,  moderately  stout  main 
stem.  Leaves  small,  roundish  and  scalloped,  covered  with  velvety 
down,  very  fragrant.  Flowers  white,  inconspicuous,  on  short  pedi- 
cels,  the  petals  hardly  longer  than  the  calyz. 


48.   OXALIDACSiB.     Wood-sorrel  Family. 

Herbs  or  woody  plants.  Leaves  Compound.  Flowers  in 
fives,  perfect,  regulär,  hypogynous.  Stamens  10,  somewhat 
monadelphous  at  the  base.  Ovary  with  several  ovules  in 
each  cell.     Fruit  a  capsule. 

OXALIS,  L. 

Acid  herbs.  Leaves  radical  or  alternate,  with  or  without 
stipules,  usually  of  3  leaflets,  which  droop  at  night.  Sepals 
5.    Petals  ö.    Stamens  10.    Ovary  5-lobed,  ö-celled  ;  styles  6. 

1.  0.  Aoetosella,  L.  Wood-sorrel.  Stemless,  from  a  creeping, 
scaly  rootstock.  Leaves  all  radical,  long-petioled,  of  3  inversely 
heart^haped  leaflets  ;  scape  slender,  2-5  in.  high,  1-flowered.  Flowers 
nearly  1  in.  in  diameter,  white,  veined  with  red  or  purple,  Cold 
woods  N. 

2.  0.  violaoea,  L.  Violet  Wood-sorrel.  Perennial  from  a 
bulbous  root,  stemless.  Leaves  long-petioled;  leaflets  inversely 
heart-shaped,  sometiraes  slightly  downy,  often  with  a  dark  zone 
near  the  middle.  Scapes  usually  longer  than  the  petioles,  umbel- 
lately  4-10-flowered ;  pedicels  slender.  Flowers  violet-purple,  nod- 
ding.  Petals  obtuse,  2-3  times  as  long  as  the  sepals ;  scapes  and 
petioles  4-5  in.  long.     Common  in  rieh  woods.* 

[The  forms  with  small  yellow  flowers,  hitherto  referred  to  O,  cor- 
niculataj  beloug  to  several  nearly  related  species  too  difficult  for  the 
beginner.] 
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49.   TROPJBOLACEJB.     Indiak  Cress  Family. 

Smooth  and  tender  herbaceous  plants,  with  biting  juice,  often 
climbing  by  the  petioles  of  their  simple  leaves.  Leaves  alter- 
nate,  without  stipules.  Peduncles  axillary,  1-flowered.  Sepals 
3-5,  the  Tipper  one  with  a  long,  distinct  spur.  Petals  l-ö, 
hypogynous,  not  always  all  alike.  Stamens  6-10,  perigynous, 
distinct.  Ovary  1,  3-cornered,  made  up  of  3-5  1-ovuled 
carpels ;  style  1 ;  stigmas  3-5.     Fruit  not  opening. 

TROPJEOLUM,  L. 

Characteristics  of  the  genus  those  of  the  family  above 
given,  together  with  the  following  : 

Petals  usually  5,  clawed,  the  2  upper  inserted  at  the  mouth 
of  the  spur  and  unlike  the  3  lower  ones.  Stamens  8,  ripen- 
ing  unequally,  the  filaments  curved.  Fruit  3-celled,  3-8eeded. 
Cultivated  from  S.  A.  for  the  very  showy  flowers  and  the 
sharp-flavored  f niits,  which  are  often  pickled. 

1.  T.  majus,  L.  Common  Nasturtium.  Climbing  by  the  petioles 
6-8  ft.  (there  is  also  a  low  variety  which  does  not  climb).  Leaves 
roundish  but  more  or  less  6-angled,  peltate,  with  the  petiole  attached 
near  the  iniddle.  Flowers  varying  from  almost  white  to  nearly  black, 
but  commonly  crimson,  scarlet,  or  flame-color. 

60.  LINACEJB.     Flax  Family. 

.  Herbs,  shrubs,  or  trees.  Leaves  usually  alternate,  simple, 
entire,  sometimes  with  stipules.  Flowers  variously  clus- 
tered.  Sepals  5,  distinct  or  coherent.  Petals  5,  hypogynous. 
Stamens  5,  monadelphous  below.  Pod  8-10-seeded,  with 
twice  as  many  cells  as  there  are  styles. 

LOniM,  Tottxn. 

Herbs  or  small  shrubs,  with  tough,  fibrous  bark.  Leaves 
sessile.  Flowers  in  corymbs  or  panicles.  Sepals  5,  entire. 
Petals  5,  distinct  or  coherent  below,  falling  in  a  few  hours 
after  expanding. 


1.  I«.  ▼irginiannm,  L.  Wild  Flax.  Stern  rat  her  elender,  erect 
and  cyliiidrical ;  branches  cyliodrical.  Leaves  small,  varying  from 
oblong  to  lanceolate  or  spatulate,  the  lower  often  opposite.  Flowers 
small,  yellow.  Capsoles  flattened  at  right  angles  to  the  pedicels. 
Dry  woods  and  pastnres. 

2.  I«.  luitatissimiun,  L.  Common  Flax.  Stern  erect,  with 
coiy inbed  branches  at  the  top.  Leaves  narrowly  lanceolate.  Flowers 
handsome,  large,  blue.  Cnltivated  for  the  fiber.  From  Eorope; 
iutroduced  here  to  some  extent. 


61.   RUTACSA.     RuE  Family. 

Shrubs  er  trees.  Leaves  alternate,  Compound,  without 
stipules,  marked  with  translucent  dots.  Flowers  perfect  or 
variously  imperfect.  Sepals  and  petals  3-5  or  none ;  petals 
hypogynous  or  perigynous  when  present.  Stamens  as  many 
or  twice  as  many  as  the  sepals,  inserted  on  the  glandulär  disk. 
Pistils  2-5,  often  partially  united.  Fruit  a  capsule,  a  key- 
fruit,  or  in  the  important  genus  Citrus  (orange,  lemon,  lime, 
etc.,  not  here  described)  a  leathery-skinned  berry,  the  outer 
part  of  the  skin  containing  many  spherical  oil-cavities.* 

I.  XAKTHOXTLUM,  L. 

Trees  or  shrubs  ;  bark,  twigs,  and  petioles  usually  prickly ; 
leaves  odd-pinnate,  marked  with  translucent  dots.  Flowers 
in  axillary  or  terminal  cymes  or  umhels,  monoecious  or 
dioecious.  Sepals  and  petals  3-5  or  none.  Stamens  3-5, 
hypogynous.  Pistils  2-5,  distinct.  Carpels  2-valved,  1-2- 
seeded.     Seeds  smooth  and  shining.* 

1.  X.  americannm,  MUl.  Northern  Prickly  Ash,  Toothache- 
TREE.  A  prickly  shrub,  8-12  ft.  high,  with  aromatic  bark.  Leaves 
pinnately  Compound;  leaflets  ovate-oblong.  Flowers  small  and 
greenish,  in  axillary  umbels,  appearing  before  the  leaves.  Petals 
4-5.  Pistils  3-5,  the  styles  slender.  Pods  rather  globose,  somewhat 
more  than  ^  in.  in  diameter,  roughish,  borne  on  a  short  stalk  above 
the  receptacle,  with  a  strong  scent  of  lemon  and  tasting  at  first 
f  aromatic,  then  buming.     R<x3ky  woods,  ravines,  and  river  banks. 


n.    PTELEA. 

Shrubs  with  smooth  and  bitter  bark.  Leaves  with  3  leaflets. 
Flowers  in  terminal  cymes,  somewhat  monoBcious.  Sepals 
3-6,  deciduous,  much  shorter  than  the  petals.  Stamens  4-6, 
longer  than  the  petals  and  alternate  with  them.  Pistillate 
flowers  producing  imperfect  stamens.  Ovary  compressed, 
2-celled.     Fruit  a  2-celled,  2-seeded,  broadly  winged  key.* 

1.  P.  trifoliatay  L.  Hop-tree,  Wafer  Ash.  A  shrub  4-8  ft. 
high.  Leaves  long-petioled  ;  leaflets  oval  or  ovate,  acute,  obscurely 
Senate,  the  lateral  ones  oblique.  Cymes  Compound.  Flowers 
greenish.  Stamens  mostly  4,  fllaments  bearded,  key  about  1  in.  in 
diameter ;  wing  notched,  strongly  netted-veined.  Rocky  banks;  often 
cultivated.* 


62.   POLYGALACEÄ.     Polygala  Family. 

Herbs  or  shrubs,  Leaves  alternate  or  nearly  opposite, 
without  stipules,  simple.  Flowers  irregulär.  Sepals  unequal, 
the  2  inner  wing-shaped  and  petal-like.  Petals  3-6,  hyj>ogy- 
nous,  the  2  lateral  ones  often  united  with  the  hooded  lower 
one  into  a  tube,  split  open  at  the  base  behind.  Stamens  8, 
filaments  united  into  a  split  sheath,  which  is  usually  adnate 
to  the  petals  ;  anthers  usually  opening  by  pores.  Ovary 
2-celled,  2-ovuled.     [A  difficult  family  for  the  beginner.] 

POLYGALA,  Toam. 

Herbs  or  shrubs.  Flowers  racemed  or  spiked,  some  of  them 
often  cleistogamous.  Petals  adnate  below  to  the  stamen- 
sheath.     Anthers  opening  by  transverse  pores. 

1.  P.  paucifolia,  Willd.  Fringed  Polygala,  Babies'  Toes, 
May  Wings.  A  low  perennial  herb,  with  branches  3-4  in.  high 
from  a  slender,  creeping  rootstock.  Lower  leaves  scattered,  small 
and  scale-like,  the  upper  ones  with  petioles,  crowded  near  the  tips  of 
the  branches,  ovate  or  nearly  so.  Flowers  of  two  kinds,  the  cleis- 
togamous whitish,  fertile,  borne  underp^ound  alonj?  the  rootstock,  the 
tTiniu;!!  Hitui^r?*  iiiT«^^r  jilmI  .slmvvv  {[if^irlv  itu  inrh  li'm«^)i  r-  >•  ,_  ■  .-it*!, 
with  a  buiiutUui  IrLuged  cn^äL     Woods j  es|)eGiaUy  N.  and  K. 
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2.  P.  Senega,  L.  Seneca  Snakeroot.  A  perennial  herb,  with 
several  erect  stems  arising  from  stout,  hard,  knotty  rootstocks. 
Leaves  lanceolate,  oblong  or  lance-ovate,  sessile.  Flowers  all  alike, 
small,  white,  in  solitary  close  spikes.     Rocky  woods. 


68.   EUPHORBIACEA.     Spurgk  Family. 

Herbs,  shmbs,  or  trees,  usually  with  a  milky,  more  or  less 
acrid  and  sometimes  poisonous  juice.  Flowers  mostly  apeta- 
lous,  moncBcious  or  dioecious  (Fig.  16).  Ovary  usually  3-celled, 
with  1  or  2  ovules  in  each  cell ;   Stigmas   as  many  as  tbe 


Fio.  16.^  Euphorbia  ccrollata. 

Af  flower-closter  with  inyolucre,  tbe  whole  appearing  like  a  Single  flower ;  Bt  a 
Single  staminate  flower  ;  C,  immature  fertile  flower,  as  seen  after  tbe  remoyal  of 
the  sterile  flowers  ;  i,  involucre ;  «,  Stigmas. 

cells  or  twice  as  many.  Fruit  a  3-lobed  capsule.  Seeds  con- 
taining  fleshy  or  oily  endosperm  (Part  I,  Fig.  2).  Most  of 
the  family  are  natives  of  hot  regions,  many  of  them  of  pecu- 
liar  aspect  from  their  adaptation  to  life  in  dry  climates. 
[The  family  is  too  difiicult  for  the  beginner  in  botany  to 
determine  many  of  its  genera  and  species  with  certainty,  but 
a  few  are  described  below.] 


I.    EUPHORBIA,  L. 

Herbs  or  shrubs,  with  milky  juice,  often  poisonous. 
Flowers  monoBcious,  enclosed  in  a  4-5-lobed  involucre,  which 
is  often  showy  and  resembles  a  calyx  or  corolla,  usually  bear- 
ing  large  glands  at  its  notches.  Sterile  flowers  many,  bome 
inside  the  involucre  at  its  base  (Fig.  16,  J),  each  cousisting  only 
of  a  Single  stamen  attached  by  a  Joint  to  a  pedicel  which 
looks  like  a  filament.  Fertile  fiower  standing  alone  at  the 
Center  of  the  involucre  (Fig.  16,  C)  (soon  pushed  out  by  the 
growth  of  its  pedicel),  consisting  only  of  a  3-lobed  and 
3-celled  ovary,  3  2-cleft  styles,  and  6  Stigmas.  Pod  3-celled 
and  3-seeded. 

A.  CtUtivated  shrubs, 

1.  E.  splendeiu,  Bojer.  Crown  of  Thorns.  An  extremely 
prickly  shrub,  with  many  erect^  few-leaved  branches.  Leaves 
obovate  or  obovate-spatulate,  mucronate,  entire,  each  with  two  very 
Sharp  prickles  (longer  than  the  petiole)  as  stipules.  PeduDcles  long, 
sticky,  each  bearing  2-4  objects,  which  appear  to  be  showy  scarlet 
flowers,  but  which  are  actually  2-bracted  involucres  containing  the 
true  flowers.  Involucral  scales  somewhat  kidney-shaped,  mucronate. 
Flowering  all  the  year  round.  Cultivated  in  greenhouses.  From 
Mauritius. 

B.  Herbs  with  rather  showy  white  ßower-clusters, 

2.  E.  corollata,  L.  Flowkring  Spurge.  Perennial.  Stein 
erect,  umbellately  branched  above,  smooth  or  dow^ny,  1-3  ft.  high. 
Leaves  of  the  stem  alternate,  those  of  the  branches  usually  opposite 
or  whorled,  rather  thick,  oval  to  narrowly  oblong,  pale  beneath, 
usually  slightly  downy.  Flowering  branches  repeatedly  forked; 
involucres  terminal  and  in  the  forks  of  the  branches,  peduncled; 
glands  4-5,  oblong,  green  ;  appendages  white  and  petal-lUce,  showy. 
Capsule  erect,  seed  smooth  or  faintly  pitted.  Common  in  dry,  open 
woods. 

C.  Herbs:  No.  3  a  native  species,  No.  4  cultivated  fr<yin  Europe  or 
escaping  from  gardens.  Flower-c lusters  in  umbels  not  white.  Involucre 
4  or  5  lobed,  each  lobe  with  a  gland. 

3.  E.  dictyosperma,  Fischer  and  Mayer.  Annual.  Stem  slender, 
8-18  in.  high,  erect.  Stem-leaves  oblong-spatulate  to  obovate,  ser- 
rate  ;  floral  ones  roundish-ovate,  somewhat  heart-shaped.  Flower- 
cluster  a  Compound  umbel,  the  rays  once  or  twice  8-forked,  tben 
2-f  orked.     Seeds  covered  with  a  network.     Prairies  and  roadsides. 
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4.  E.  C3rpari88ia8,  L.  Cypress  Spurge,  Cypress,  Gravetard 
Mos8.  A  perennial,  in  dense  Clusters  6-12  in.  high  from  running 
rootstocks.  I^aves  much  crowded,  all  sessile,  the  stem-leaves  linear, 
floral  ones  broadly  heart^haped.  Flower-cliister  a  simple,  many- 
rayed  umbel.  Glands  crescent-shaped.  Cemeteries,  roadsides,  etc., 
escaped  from  cultivation;  also  cultivated  in  old  gardens.  From 
Europe. 

n.    JATROPHA,  L. 

Shrubs  or  herbs.  Leaves  alternate.  Flowers  monoecious, 
stamiiiate  and  pistillate  intermixed  in  the  cymes,  apetalous. 
Calyx  large,  white,  5-lobed,  corolla-like.  Stamens  nuraerous, 
usually  monadelphous.  Ovary  usually  3-celled,  S-seeded  ; 
styles  3,  united  at  the  base,  several-parted.* 

1.  J.  stimulosa,  Michx.  Spurge  Nettl^.  Perennial  herbs  armed 
with  stinging  hairs  ;  stems  erect,  branched,  bright  green  with  white 
lines,  8-15  in.  high.  Leaves  long-petioled,  deeply  palmately  3-5- 
lobed,  the  lobes  irregularly  cut  and  toothed,  often  mottled.  Sepals 
white,  spreading.     Seeds  oblong,  smooth,  mottled.     In  dry  woods  S.* 


64.  ANACARDIACEA.     Sumac  Family. 

Trees  or  shrubs,  with  resinous,  acrid,  or  milky  sap.  Leaves 
simple,  of  3  leaflets  or  pinnately  Compound,  alternate,  with- 
out  stipules.  Flowers  perfect  or  imperfeet,  small.  Calyx 
3-5-parted,  persistent.  Petals  3-5  or  wanting.  Stamens  as 
many  as  the  sepals  or  sometimes  twice  as  many,  inserted  in 
the  base  of  the  calyx,  distinct.  Ovary  free,  1-celled,  styles 
1-3.     Fruit  a  1-seeded  stone-fruit.* 

RHUS,  L. 

Trees  or  shrubs.  Leaves  of  3  leaflets  or  odd-pinnate. 
Flowers  in  spikes  or  panicles.  Calyx  mostly  5-parted. 
Petals  and  stamens  5.  Pistil  1,  sessile  ;  styles  3,  terminal. 
Fruit  small,  smooth  or  downy.* 

1.  R.  glabra,  L.  Sumac.  A  shrub  or  small  tree,  sometimes 
25-30  ft.  high  ;  branches  downy.  Leaves  odd-pinnate,  main  midrib 
downy  and  wing-margined  ;  leaflets  9-21,  ovate-lanceolate,  acute  at 
the  apex,  inequilateral,  entire  or  slightly  toothed,  smooth  and  green 


above,  pale  and  döwny  beneath.    Fanicle  of  ten  large  and  apreading  ; 
flowers  somewhat  monoecious.    Fruit  red,  hairy,  acid.    Open  woods.» 

2.  R.  tjrphina,  L.  ^taohorn  Sumac.  A  small  tree,  20-40  ft. 
high;  branches  and  petioles  closely  velvety-hairy.  Leaves  odd-pin- 
nate,  leaflets  17-27,  lanceolate-oblong,  taper-pointed  at  the  apex, 
very  obtuse  at  the  base,  sharply  serrat«,  smooth  above,  pale  and 
downy  beneath.  Flowers  somewhat  moncecious,  in  dense  terminal 
panicles.     Fruit  red,  with  crimson  hairs.     Dry  hillsides  N.  and  £.* 

3.  R.  Toxicodendron,  L.  Poison  Yinr,  Poison  Iyy,  Merccrt, 
Black  Mercury.  Stem  a  woody  vine  climbing  high  by  aerial 
rootlets,  or  sometimes  short  and  erect.  Leaves  petioled,  of  3  leaflets, 
downy;  leaflets  ovate  or  oval,  taper-pointed,  entire  or  somewhat 
dentate,  often  angled  or  lobed.  Flowers  dioßcious,  in  loose  aziUaiy 
panicles.  Fruit  nearly  white,  smooth.  Common  in  open  woods  and 
along  fences.     Plant  poisonous  to  the  touch.* 

4.  R.  yenenata,  L.  Poison  Sumac,  Poison  Dogwood.  A  very 
smooth  shrub  with  gray  bark,  6-18  ft.  high.  Lieaves  large  and 
glossy,  with  7-13  obovate-oblong,  entire  leaflets.  Flower-clusters 
loosely-flowered,  axillary  panicles.  Fruit  smooth,  greenish-yellow. 
Swamps  and  wet  openings  in  woods  N.  and  E.  Plant  more  poison- 
ous than  the  preceding  species. 

66.   AQUIFOLIACEJB.     Holly  Family. 

Trees  or  shrubs.  Leaves  simple,  alternate,  petioled ;  stip- 
ules  small  or  wanting.  Flowers  small,  greenish,  clustered 
or  solitary  in  the  axils,  usually  dioecious.  Calyx  4-9-parted. 
Petals  4-9,  somewhat  united  at  the  base.  Stamens  inserted 
in  the  tube  of  the  coroUa  and  alternate  with  its  lobes.  Ovary 
free,  4-9-celled,  with  a  single  ovule  in  each  cell.  Fruit  a 
berry-like  stone-fruit,  4-9-seeded.* 

ILEX,  L.  * 

Small  trees  or  shrubs.  Leaves  usually  leathery,  often  per- 
sistent and  evergreen ;  stipules  minute.  Flowers  axillary, 
4-9-parted,  the  fertile  often  solitary  and  the  staminate  clus- 
tered.    Fruit  a  stone-fruit  with  4-9  nutlets.* 

1.  I.  opaca,  Ait.  Holly.  Trees  with  smooth,  light-colored  bark, 
and  hard,  very  white  wood ;  young  twigs  downy.  Leaves  leathery, 
oval  or  ovate,   margin  prickly-toothed,   dark    green   and  shining 
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above,  paler  and  sometimes  slightly  downy  beneath.  Peduncles 
Short,  bracted.  Flo^vers  4-parted,  staminate  flowers  in  small  cymes, 
the  pistillate  usually  solitary.  Fruit  bright  red.  Damp,  sandy  soil 
E.  and  S * 

2.  I.  decidua,  Walt.  Deciduous  Holly.  Small  trees;  twigs 
smooth.  Leaves  thin,  obovate,  obtuse  or  sometimes  aoute  at  the 
ax)ex,  scalloped,  smooth,  deciduous.  Flowers  in  sessile  Clusters, 
4-6  parted.     Fruits  very  numerous,  bright  red.     On  low  ground  S.* 

3.  I.  yerticillata,  Gray.  Black  Alder,  Winterberry.  *  A  much- 
branched  shrub  6-8  ft.  high.  Leaves  thin,  oval  or  obovate,  taper- 
pointed,  serrate,  Ij^-S  in.  long.  Flowers  greenish-white,  on  very 
Short  peduncles.  Fruit  bright  red,  1 ,  2,  or  3  in  a  leaf-axiJ,  remain- 
ing  long  after  the  leaves  have  faUen.  Swampy  ground  and  damp 
woods  and  thickets. 


66.   CELASTRACEJB.     Staff-tree  Family. 

Trees  or  shnibs,  sometimes  climbing.  Leaves  simple,  oppo- 
site  or  alternate.  Flowers  small,  in  cymes.  Galyx  small, 
4-5-lobed,  persistent.  Petals  4-6,  short.  Stamens  4-6, 
alternate  with  the  petals  and  inserted  with  them  on  a  disk. 
Ovary  sessile,  3-5-celled  ;  style  entire  or  3-5-cleft ;  ovules  2 
in  each  celL  Seeds  usually  covered  with  an  appendage  (aril) 
growing  from  the  hilum. 

I.    CELASTRUS,  L. 

A  Woody,  twining  shrub.  Leaves  alternate.  Flowers 
dioecious  or  somewhat  monoecious,  small,  greenish,  clustered 
at  the  ends  of  the  branches.  Pod  3-celled,  3-valved,  looking 
like  an  orange-colored  berry,  which  on  opening  shows  the 
scarlet  arils  of  the  seeds. 

1.  C.  scandens,  L.  Wax-work,  Climbing  Bittersweet. 
Climbing  10-15  ft.  Leaves  ovate-oblong,  2-4  in.  long,  finely  ser- 
rate, taper-pointed.  In  thickets  and  along  fences,  also  planted  for 
the  showy  scarlet  seeds,  which  retain  their  color  for  many  months. 

n.    EUONYMUS,  Toum. 

Shrubs  with  4-angled  branches.  Leaves  opposite.  Flowers 
in  axillary,  peduncled  cymes,  purplish  or  greenish,  smalL 


petals,  Short.     Ovary  3-5-celled,  with  2  ovules  in  each  cell. 
Seeds  enclosed  in  a  red,  fleshy  pulp.* 

1.  E.  americanus,  L.  Strawberry  Bush.  A  shrub  3-8  ft. 
high.  Leaves  short-petioled,  ovate  to  ovate-lanceolate,  acute  or 
taper-pointed  at  the  apex,  finely  serrulate,  smooth  or  slightly  hairy. 
Peduncles  axillary,  slender,  1-3-flowered.  Flowers  greenish.  Capsule 
3-5-angled,  warty.     In  low,  shady  woods. 

2.  E.  atropnrpureus,  Jacq.  Wahoo.  A  tree-like  shrub  10-15  ft. 
high.  Leaves  oval  to  ovate,  taper-pointed,  finely  serrulate,  minutely 
downy  petioles  J-}  in.  long.  Peduncles  slender,  3-forked,  several- 
flowered.  Flower  purplish;  capsule  deeply  3-5-lobed,  smooth. 
River  banks. 


67.   STAPHYLEACEJB.     Bladder-nut  Family. 

Shrubs.  Leaves  pinnately  Compound,  with  stipules,  and 
the  leaflets  with  little  individual  stipules  (stipels).  Flowers 
regulär  and  perfect.  Calyx-lobes  ö.  Petals  5,  inserted  in  or 
around  a  saucer-shaped  disk.  Stamens  5,  alternate  with  the 
petals,  perigynous.  Ovary  2-3-celled,  with  the  carpels  more 
or  less  distinct ;  ovules  several ;  styles  2-3,  cohering  some- 
what  below.     Fruit  usually  1-few-seeded. 

STAPHYLEA,  L. 

Calyx  deeply  5-parted,  the  lobes  appearing  like  separate 
sepals,  erect.  Petals  spatulate,  borne  on  the  rim  of  the  thick 
disk.  Pod  large,  papery,  3-celled,  finally  opening  at  the  top. 
Seeds  1-4  in  each  cell,  bony. 

1.  S.  trifolia,  L.  American  Bladder-nut.  A  shrub  6-12  ft. 
high,  with  smooth,  slender,  greenish  strijied,  at  length  gray,  branches. 
Leaves  long-petioled,  with  3  ovate,  taper-pointed,  finely  serrate  leaf- 
lets.    Damp  thickets. 

68.   ACERACEA.     Maple  Family. 

Trees  or  shrubs,  with  abundant,  often  sugary  sap.  Leaves 
opposite,  simple  and   palmately  lobed,  or  pinnate,  without 
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stipules.  Flowers  regulär,  mostly  somewhat  monoBcious  or 
dioecious,  in  axillary  and  terminal  cymes  or  racemes.  Calyx 
4-9-parted.  Petals  as  many  as  the  lobes  of  the  calyx  or 
none.  Stamens  4-12,  hypogynous.  Ovary  2-celled  ;  styles  2. 
Fruit  a  double  key.* 

ACER,  Tonni. 
Characteristica  of  the  genus  as  above  given  for  the  family. 

1.  A.  saccharinum,  L.  (A.  dasycarpnm,  Ehrh.).  White  Maple, 
River  Maple.  A  tall  tree  with  the  main  branches  slender  and 
rather  erect.  Leaves  very  deeply  5-lobed,  with  the  notches  rather 
acute,  ßilvery-white,  and  when  young  downy  on  the  lower  surface, 
the  divisions  narrow,  coaruely  cut  and  toothed.  Flowers  greenish, 
in  umbel-like  Clusters,  appearing  long  before  the  leaves.  Petals 
absent.  Fruit  wooUy  at  first,  then  smooth,  with  di verging  wings, 
the  whole  2-3  in.  long.  Common  on  river  banks  S.  and  W.,  also 
planted  for  a  shade-tree,  but  not  safe,  as  the  branches  are  easily 
broken  off  by  the  wind. 

2.  A.  rubrum,  L.  Red  Maple.  A  small  tree  with  red  or  purple 
twigs.  Leaves  simple,  broadly  ovate,  palmately  3-5-lobed  or  some- 
times  merely  serrate  or  cut-toothed,  taper-pointed  at  the  apex, 
rounded  or  heart-shaped  at  the  base,  smooth  or  downy,  becoming 
bright  red  in  autuinn.  Flowers  appearing  before  the  leaves  on  erect, 
clustered  pedicels.  Petals  red  or  yellow,  oblong  or  linear.  Fruiting 
pedicels  elongated,  aiui  drooping.  Key  red,  smooth,  wings  about  an 
inch  long.     Swamps  and  river  banks  E.* 

3.  A.  saccharum,  Marsh  (A.  saccharinum,  Wang.).  Suoar  Maple. 
A  large  tree.  Leaves  simple,  palmately  lobed,  truncate  or  heart- 
shaped  at  the  base,  lobes  sinuate-toothed  and  acuminate,  pale  and 
slightly  downy  beneath.  Flowers  appearing  with  the  leaves,  dn 
clustered  drooping  pedicels.  Calyx  bell-shaped,  fringed.  Petals 
none.  Keys  smooth,  wings  about  1-1^  in.  long.  In  cold  woods, 
more  abundant  northward.  The  sap  of  this  tree  is  the  principal 
source  of  maple  sugar,  and  some  forms  of  the  tree  produce  the 
curled  maple  and  bird's-eye  maple  used  in  cabinet-making.* 

4.  A.  Pseudo-Platanus,  L.  Sycamore  Maple.  Easily  recognized 
by  its  drooping  Clusters  of  rather  large  green  flowers,  which  api)ear 
with  the  leaves.     Cultivated  from  Europe. 

5.  A.  platanoides,  L.  Xorway  Maple.  A  large  tree«  with 
milky  sap,  which  exudes  from  broken  shoots  or  leafstalks  in  the 
spring.     Cultivated  from  EuroiH»  ;  a  very  desirable  shade-tree. 

6.  A.  Negundo,  L.     Box  Elder.    A  small  tree.    Leaves  opposite, 
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pinnately  3-5-foliate ;  leaflets  ovate,  lobed,  toothed  or  entire,  downy 
when  young.  Flowers  dioecious,  appearing  from  lateral  buds  before 
or  with  the  leaves;  the  staminate  on  long  and  drooping  pedicela, 
the  pistillate  in  drooping  racemes.  Keys  smooth,  1-1^  in.  long. 
River  banks.     Often  cultivated  as  a  quick-growing  shade-tree.* 


69.   HIPPOCASTANACEJB.     Buckeye  Family. 

Trees  or  shrubs.  Leaves  opposite,  long-petioled,  palmately 
Compound.  Flowers  showy,  somewhat  moncBcious,  in  termi- 
nal panides.  Calyx  5-lobed,  oblique.  Petals  4-5,  unequal. 
Stamens  5-8,  hypogynous.  Pistil  1 ;  ovary  3-celled,  2  orules 
in  each  cell ;  style  slender.  Fruit  a  1-3-celled,  leathery 
capsule,  1-3-seeded,     Seeds  with  a  large  scar.* 

JESCULUS,  L. 
Characteristics  of  the  genus  as  above  given  for  the  family. 

1.  JB.  Hippocastanum,  L.  Horse-chestnut.  A  roimd-topped 
tree  with  frequently  forking  branches  and  stumpy  twigs.  Leaves 
very  large,  with  7  straight-veined  leaflets.  Flowers  large  and  showy. 
CoroUa  open  and  spreading,  of  5  white  petals,  spotted  with  purple 
and  yellow.  Stamens  with  long,  curved  iilaments.  Fruit  large,  cov- 
ered  with  stout,  soft  prickles  when  young.     Cultivated  from  Asia. 

2.  A.  glabra,  Willd.  Ohio  Buckeye.  A  large  tree,  not  unlike 
a  horse-chestnut.  Leaflets  generally  5.  Flowers  small.  Corolla  of 
4  upright,  pale  yellow  petals.  Stamens  curved,  about  twice  as  long 
as  the  petals.     Fruit  prickly  at  first.     River  banks. 

3.  A.  flava,  Ait.  Sweet  Buckeye.  Varying  in  size  from  a 
low  shrub  to  a  tall  tree.  Leaves  with  5-7  leaflets.  Flowers  in  a 
Short,  donse  panicle.  Petals  4,  in  2  unlike  pairs,  bending  inward, 
blades  of  the  longer  pair  verv  small.  Fniit  not  prickly.  Woods 
\V.  and  S. 

4.  Ä.  Pavia,  L.  Red  BrcKEVE.  Shrubs;  stems  erect,  branched, 
4-8  ft.  high.  Leaflets  usually  5,  lanceolate  to  narrowly  oval,  taper- 
pointed  at  both  ends,  finely  serrate,  smooth  or  nearly  so.  Flowers 
in  dense,  erect  panicles,  bright  red.  Stamens  rather  longer  than 
the  petals.     Fruit  nearly  smooth.     Common  in  open  woods.* 


Tender,  fleshy-stemmed,  annual  herbs.  Leaves  simple,  with- 
out  stipules.  Flowers  perfect,  irregulär.  Sepals  usually  3, 
the  largest  one  with  a  spur.  Petals  3.  Stamens  5,  distinet 
or  nearly  so.  Ovary  ö-celled,  bursting  when  ripe  into  5 
valves. 

IMPATIENS,  L. 

Characteristics  of  the  genus  those  above  given  for  the 
family.  Fruit  a  capsule  (very  fleshy  in  our  species),  which 
when  ripe  bursts  open  with  considerable  force,  throwing  the 
seeds  about. 

1.  I.  aurea,  Mahl.  (I.  pallida,  Nutt.).  Wild  Balsam.  Lady's- 
SLIPPER.  Stern  3-5  ft.  high,  branching.  Leaves  oblong-ovate,  2-6 
in.  long,  the  lower  often  long-petioled,  the  upper  nearly  sessile. 
Peduncles  axillary,  1-3  in.  long,  elender,  2-5  flowered.  Flowers 
pale  yellow,  slightly  dotted  with  brownish-red.  Sac  of  the  large 
sepal  broader  than  it  ia  long,  ending  in  a  recurved  spur  about  ^  in. 
long.     Damp,  öhaded  ground,  not  very  common. 

2.  I.  biflora,  Walt.  (I.  fulva,  Nutt.).  Wild  Balsam,  Lady's- 
SLIPPER,  Jewel  Weed,  Snap  Weed,  Kicking  Colt.  Stem  2-4  ft. 
high,  branching.  Leaves  rhombic-ovate,  1-4  in.  long.  Peduncles 
about  1  in.  long,  generally  2-3-flowered.  Flowers  orange-color,  with 
raany  pretty,  large,  reddish-brown  spots.  Sac  longer  than  it  is  broad, 
ending  in  a  recurved  spur  about  i  in.  long.  Damp,  shaded  ground, 
commoner  than  Xo.  1  and  usually  blossoming  earlier. 


61.   RHAMNACEÄ.     Buckthorn  Family. 

Trees  or  shrubs.  Leaves  simple,  often  3-5-nerved ;  stipules 
small.  Flowers  small,  soraetimes  imperfect,  green  or  yellow. 
Calyx  4-5-lobed.  Petals  4,  5,  or  absent,  inserted  on  a  disk  at 
the  throat  of  the  calyx,  very  small,  hooded,  usually  with 
claws.  Stamens  4-5,  inserted  with  the  petals  and  opposite 
them,  often  enclosed  by  the  petals  ;  filaments  awl-shaped  ; 
anthers  small,  versatile.     Ovary  3-celled,  3-ovuled. 


I.    BERCHEMIA,  Necker. 

Shrubs  ;  stems  twining  or  erect.  Leaves  alternate,  promi- 
nently  pinnate-veined,  stipules  minute.  Flowers  in  axillary 
or  terminal  panicles,  or  rarely  solitary.  Calyx-tube  hemi- 
spherical,  5-lobe(i.  Petals  5,  sessile,  concave,  as  long  as  the 
calyx.  Ovary  2-celled,  half-inferior ;  Stigmas  2.  Fruit  an 
oval,  2-seeded  stone-fruit.* 

1.  B.  Yolubüis,  DC.  SuppLE-jACK,  Rattan-vine.  Woody,  often 
twining  high ;  older  bark  yellowish,  twigs  purple,  wood  very  tough. 
Leaves  ovate  or  oval,  acute  or  obtuse,  cuspidate  at  the  apex, 
rounded  at  the  base,  wavy  on  the  margins,  green  above,  pale  beneath. 
Flowers  in  small  panicles.  Fruit  purple.  In  moist  woods  and  along 
streams  S.* 

n.    RHAMNUS,  L. 

Leaves  alternate,  deciduous.  Flowers  in  small,  axillary 
cymes,  often  imperfect.  Petals  4-5  or  wanting.  Stamens  4 
or  5,  very  short.     Stone-fruit,  2-4-seeded. 

1.  R.  lanceolata,  Pursh.  A  tall  shrub.  Leaves  with  short  peti- 
oles,  taper-pointed  or  somewhat  obtuse,  very  variable  in  size,  smooth 
or  nearly  so  above,  more  or  less  downy  beneath,  finely  serrate. 
Flowers  2  or  3  together  in  the  axils,  greenish,  about  ^  in.  in  diame- 
ter,  usualiy  dioecious,  appearing  at  the  same  time  as  the  leaves. 
Calyx  4-lobed.  Petals  4.  Stamens  4.  Fruit  black,  about  ^  in.  in 
diameter.     Hills  and  river  banks. 

2.  R.  caroliniana,  Walt.  Carolina  Buckthorx.  A  small  tree 
with  black  bark  and  very  hard  wood  ;  twigs  finely  downy.  Leaves 
alternate,  prominently  veined,  elliptical  to  broadly  oval,  entire  or 
obscurely  serrate,  smooth  or  sometimes  downy  below  ;  petioles  slen- 
der,  downy.  Flowers  in  axillary,  peduncled  umbels ;  petals  minute. 
Fruit  globose,  j— ^  in.  in  diameter,  d-seeded.  Seeds  smooth.  On 
river  banks.* 

m.    CEANOTHUS,  L. 

Shrubs.  Leaves  alternate,  petioled.  Flowers  perfect,  in 
terminal  panicles  or  corymbs  formed  of  little  umbel-like  Clus- 
ters. Calyx-tube  top-shaped  or  hemispherical,  with  a  5-lobed 
border.  Petals  5,  with  hoods,  on  slender  daws.  Stamens  5, 
filaments  long  and  thread-like.  Fruit  dry,  S-lobed^  Splitting 
when  ripe  into  3  carpels. 


1.  C.  americanus,  L.  New  Jersey  Tea,  Red  Root.'  Shrub, 
with  many  branching  stexns,  1-3  ft.  high,  from  a  deep  red  root. 
r^aves  1-3  in.  long,  ovate  or  nearly  so,  acute  or  taper-pointed  at  the 
tip,  obtuse  or  somewhat  heart-shaped  at  the  base,  dowiiy  beneath, 
serrate,  3-neryed.     Flowers  small,  white. 


62.  VITACEJB.     Vine  Family. 

Shrubs,  with  the  stein  swoUen  at  the  insertion  of  the  peti- 
oles  and  climbing  by  tendrils  borne  opposite  the  leaves. 
Leaves  alternate,  with  stipules  simple  or  Compound.  Flowers 
small,  greenish,  generally  in  Clusters,  borne  in  similar  posi- 
tions  to  the  tendrils,  hypogynous  or  nearly  so.  Sepals,  petals, 
and  stamens  4-5.  Carpels  2,  each  2-ovuled.  Calyx  very 
small.  Corolla  deciduous,  the  petals  often  hooded.  Stamens 
opposite  the  petals.  A  disk  inside  the  calyx  bears  nectar  and 
its  lobes  altemate  with  the  stamens.     Fruit  a  berry. 

I.    VITIS,  Tottzn. 

Climbing  woody  vines ;  stems  with  tumid  joints,  climbing 
by  tendrils  opposite  some  of  the  leaves.  Leaves  simple, 
palmately  veined  or  lobed ;  stipules  small,  soon  deciduous. 
Flowers  mostly  somewhat  moncecious  or  dioecious.  Petals 
often  united  at  the  apex  and  not  expanding.  Stamens  in- 
serted  between  the  lobes  of  the  disk.  Ovary  usually  2-celled, 
4-ovuled.     Fruit  juicy,  1-4-seeded.* 

1.  V.  labnuca,  L.  Fox  Grape.  Stems  climbing  high,  often 
1  ft.  or  more  in  diameter ;  bark  shreddy,  Coming  off  in  long  strips, 
young  branches  wooUy.  Leaves  broadly  heart-shaped,  niore  or  less 
deeply  3-Ö-lobed,  mucronate-dentate,  very  wooUy  when  young, 
becoming  smooth  above.  Panicles  of  pistillate  flowers  compact,  of 
staminate  flowers  looser.  Fruit  about  ^  in.  in  diameter,  dark  pur- 
ple  or  sometimes  nearly  white.  In  rieh  woods  E.,  S.,  and  SW.  Many 
of  the  cultivated  varieties,  Concord,  Niagara,  etc.,  have  been  devel- 
oped  from  this  species.* 

2.  y.  »stivalis,  Michz.  Summer  Grape.  Stern  climbing  high  ; 
bark  shreddy.  Leaves  broadly  heart-shaped,  3-5-lobed,  the  lobes 
dentate,  notches  rounded,  white-wooUy  when  vounir.  often  nearly 
smooth  when  old ;  tendrils  or  paniqle«  oppr  -f  every  3 


leaves,  panicles  long  and  elender.     Fruit  dark  blue,  small,  very  acid. 
In  rieh  woods  E.  and  S.* 

3.  y.  cordifolia,  Michz.  Frost  Grape,  Chicken  Grapk. 
Leaves  rather  smooth,  thin,  and  shining,  either  not  lobed  or  some- 
vhat  3-lobed,  heart-shaped,  with  the  notch  at  the  base  deep  and 
acute,  taper-pointed,  with  large,  sharp  teeth.  Flower-clusters  large 
and  loose.  Grapes  shining  black,  very  sour,  not  ripening  until  after 
frosts;  seeds  1  or  2,  rather  large.  Moist  thickets  and  bankJB  of 
streams  S. 

4.  V.  rotundifolia,  Michz.  Muscadine  Gräfe.  Stern  climbing 
high ;  joints  short ;  bark  not  shreddy  ;  wood  very  hard,  often  pro- 
ducing  long,  aerial  roots.  Leaves  orbicular,  heart-shaped  at  the 
base,  coarsely  toothed,  nearly  or  quite  smooth.  Panicle  small. 
Grapes  few  in  a  Cluster,  large.  The  original  form  of  the  Scupper- 
nong  grape  S.* 

n.    AMPELOPSIS,  Michx. 

Woody  vines,  climbing  by  tendrils  and  rootlets.  Leaves 
palmately  Compound.  Flowers  in  Compound  cymes,  perfect 
or  somewhat  monoecious.  Petals  5,  distinct,  spreading  ;  disk 
none.  Stamens  5.  Ovary  2-celled,  4-ovuled.  Fruit  a  1-4- 
seeded  berry,  not  edible.* 

1.  A.  quinquefolia,  Michz.  Virginia  Creeper.  Woodbine. 
Stern  usually  climbing  high,  but  sometimes  short  and  prostrate, 
often  producing  many  adventitious  aerial  roots  which  assist  the  vine 
in  holding  to  a  support ;  tendrils  usually  terniinating  in  flat,  adhesive 
disks.  Leaves  palmately  Compound,  of  5  oval  leafletfi,  coarsely  and 
unevenly  toothed  above,  usually  entire  below,  smooth  or  slightly 
downy.  Cymes  large  and  spreading  when  inature  ;  pedicels  red. 
Berries  small,  dark  blue.     Common  in  rieh  woods.* 

2.  A.  tricuspidata,  Sieb,  and  Zucc.  Japanese  Ivy,  Boston  Ivt. 
A  freely  branching,  hardy  climber.  Tendrils  numerous,  branching 
with  closely  adhesive  disks.  Leaves  occasionally  with  3  leaflets,  but 
usually  with  only  one,  which  is  jointed  with  the  main  petiole  and 
in  autumn  falls  before  the  petiole ;  leaflet  3-lobed  or  only  scalloped, 
roundish-ovate  or  heart-shaped,  rather  thick  and  shining.  Culti- 
vated  from  Japan. 


63.   TILIACEJB.      Linden  Family. 

Trees   or   shrubs,  rarely   herba.      Leaves   alternate,  with 
stipules.     Flowers   perfect  in   cymesj  the  latter  usually  m 


corymbs  or  panicles.  Sepals  5.  Petals  S 
Stainens  many,  inserted  on  a  swollen  disk 
with  1  or  more  ovules  in  each  cell.  Fru 
-berry-like. 

TILIA,  Toam. 

Trees  with  rough  gray  bark  on  the  trun 
smooth,  lead-colored ;  wood  white  and  sc 
usually  inequilateral.  Cymes  axillary  oi 
adnate  to  a  large,  prominently  yeined  leal 
yellowish-white.  Sepals  5.  Petals  5. 
groüps.  Ovary  6-celled,  with  2  ovules  i 
5-lobed.  Capsule  1-celled,  1-2-seeded ; 
deciduous  with  the  matured  fruit,  the  b 
by  which  the  fruit  is  often  carried  to  a  co 

1.  T.  pubescens,  Ait.  Basswood.  A  tree 
ovate,  acuminate  at  the  apex,  obtuse  and 
mucronate-serrate,  woolly  on  both  sides  or  sdd 
flowers  fragrant,  floral  bract  2-3  in.  long,  u 
base.  Fruit  globose,  about  ^  in.  in  diameter. 
gather  large  quantities  of  nectar  from  the  flo^ 

2.  T.  americaiu^  L.  Basswood,  White' 
sometimes  125  ft.  high.  Leaves  larger  than  ir 
often  unsymmetrical,  heart-shaped  or  tnincal 
toothed.  Floral  bract  often  narrowed  at  the  l 
ovoid,  ^  in.  or  more  in  diameter.  Common 
farther  N.  than  No.  1. 

3.  T.  europaea,  L.  European  Linden. 
Leaves  roundish,  obliquely  heart-shaped,  al 
finely  toothed.  Flowers  diflfering  from  Nos.  ] 
of  petal-like  scales  at  the  bases  of  the  stamc 
Europe. 

64.   MALVACEiB.     Mallow  1 

Herbs  or  shrubs,  with  simple,  alternal 
leaves,  with  stipules.  Flowers  regulär 
surrounded  by  an  involucre  at  the  base. 
numerous,  monadelphous.  Pistils  severa 
tinct.  Fruit  a  several-celled  capsule  or  a  cc 
carpels. 


I.    MALVA,  L. 

Calyx  6-cleft,  with  a  small,  3-leaved  involucre.  Petals 
obcordate  or  truncate.  Styles  many,  slender,  with  Stigmas 
running  down  the  sides.  Carpels  many,  1-seeded,  arranged 
in  a  circle  and  separating  from  each  other,  but  not  opening 
when  ripe. 

1.  M.  rotandifolia,  L.  Common  Mallow,  Cheeses  (from  ap- 
pearance  of  the  unripe  fruit).  A  common  biennial  or  perennial 
weed,  with  nearly  prostrate  stems.  Leaves  long-petioled,  round- 
kidney-shaped,  with  crenate  margins.  Flowers  small,  whitish,  on 
long  peduncles. 

2.  M.  sylvestris,  L.  High  Mallow.  Biennial  or  perennial. 
Stem  erect,  2-3  ft.  high.  Leaves  5-7  lobed.  Flowers  purplish, 
larger  than  those  of  the  preceding  species. 


n.    ABUTILON,  Toam. 

Calyx  5:<;left,  the  tube  often  angled.  Styles  6-20,  with 
knobbed  stigmas.  Carpels  as  many  as  the  styles,  arranged  in 
a  circle,  each  1-celled,  3-6-seeded,  and  opening  when  ripe  by 
2  valves. 

1.  A.  striatum,  Dicks.     Tassel  Tree,  Flowerixo  Maple.     A 

shrub  5-10  ft.  high.  Leaves  maple-like.  Flowers  showy,  solitary, 
nodding  on  slender  peduncles.  Corolla  not  opening  widely,  orange, 
striped  with  reddish-brown  veins.  Column  of  stamens  projecting 
beyond  the  corolla  like  a  tasseL  Cultivated  in  hothouses.  From 
Brazil. 


66.  HYPERICACEiB.     St.  Johnswort  Family. 

Herbs,  shmbs,  or  trees.  Leaves  opposite,  often  covered 
with  translucent  or  dark  dots,  entire  or  with  glandulär  teetb, 
without  stipules.  Flowers  usually  in  terminal  cymes.  Sepals 
5,  rarely  4.  Petals  as  many  as  the  sepals,  hypogynous. 
Stamens  usually  many,  more  or  less  grouped  in  bundles, 
anthers  versatile.  Pod  1-celled,  with  2-5  parietal  placentae 
and  the  same  number  of  styles.  or  eise  3-7-celled,  Splitting 
Elong  the  partitions. 


HTPERICUM,  L. 

Herbs,  shrubs,  or  small  trees.  Leaves  sessile,  often  dotted. 
Flowers  yellow,  perfect. 

1.  H.  perforatum,  L.  Common  St.  Johnswort.  Perennial. 
Stein  erect,  1-3  ft.  high,  2-ridged,  much  branched.  Leaves  linear  or 
oblong,  obtuse,  with  translucent  veins  and  dots.  Cymes  grouped  in 
corymba,  many-flowered.  Flowers  1  in.  in  diameter.  Sepals  acute. 
Petals  much  longer  tKan  the  sepals,  oblique  at  the  tip  and  irregularly 
fringed.     A  common  weed  in  meadows  and  pastures  £.  and  N. 

2.  H.  nudicaule,  Walt.  Oranoe-grass,  Pine-weed.  Low  (4-9  in. 
high),  slender  annual,  with  erect,  angled  or  almost  winged  wiry  stem 
and  branches.  Leaves  minute,  awl-shaped  scales.  Corolla  about 
^  in.  in  diameter,  usually  closing  by  or  before  midday.  Sandy 
banks  and  roadsides. 


66.   VIOLACEiB.     Yiolet  Family. 

Herbs,  with  simple,  alteniate  leaves,  with  stipules.  Calyx 
of  5  persistent  sepals.  Corolla  of  5  petals,  somewhat  irreg- 
ulär, one  petal  with  a  spur.  Stamens  5,  short,  the  filaments 
often  cohering  around  the  pistil  (Fig.  17).  Style  generaJly 
club-shaped,  with  a  one-sided  stigma,  with  an  opening  leading 
to  its  interior.  Pod  1-celled,  Splitting  into  3  valves,  each 
bearing  a  placenta.  The  seeds  are  often  dispersed  by  the 
Splitting  of  the  elastic  valves  (Fig.  17). 

VIOLA,  Tonzn. 

Sepals  ear-like  at  the  base.  Petals  somewhat  irregulär, 
some  of  them  bearded  within,  thus  affording  a  foothold  for 
bees,  the  lowest  one  with  a  spur  at  the  base.  Stamens  not 
cohering  very  much,  the  two  lowermost  with  spurs  which 
reach  down  into  the  spur  of  the  lowest  petal.  Mauy  species 
bear  inconspicuous  apetalous  flowers  later  than  the  showy 
ordinary  ones  and  produce  most  of  their  seed  from  these 
closed,  self-fertilized  flowers.     (See  Part  I,  Ch.  XXVIII.) 


M!\/Kjj^uxx.±i,\jx:%a    v/x     x>\j ±x\j^  i. 


§  1.  Stenüess  perennials. 


1.  V.  pedata,  L.  Bird-foot  Violet,  Horseshoe  Violet,  Sand 
ViOLET.  Rootstock  stout,  upright,  not  scaly.  Leaves  all  palmately 
5-9-parted  into  linear  or  linear-lanceolate  divisions.  Flowers  showy, 
about  1  in.  broad,  pale  violet  to  whitish,;  petaLs  not  bearded. 

2.  V.  palmata,  L.  Common  Blue  Violet.  Rootstock  stout' and 
scaly.  Earlier  leaves  roundish  heart-shaped  or  kidney-form  and  cre- 
nate,  with  the  sides  rolied  in  at  the  base  wben  young.  The  later 
ones  variously  cleft  or  parted.  Flowers  dark  or  light  blue,  some- 
times  whitish;  the  lateral  petals  bearded. 

Variety  cucullata,  Gray.  Common  Blije  Violet,  Hood-leaf 
Violet.  Later  leaves  remaining  nearly  crenate,  like  the  earlier 
ones,  in  rieh  soll  becoming  very  luxuriant. 

3.  V.  sagittata,  Ait.  Arrow-leaved  Violet,  Spade-leaf  Vio- 
let.    Leaves  very  variable,  ranging  in  shape   from   oblong-heart- 


B 

PiQ.  17.  —  Viola  tricolor. 
A,  stamens  and  pistil ;  J9,  pistil  with  stamens  removed  ;  C,  pod  eplit  open. 

shaped  to  triangular-halberd-shaped,  very  often  with  an  arrow- 
shaped  base,  the  earlier  ones  on  short,  margined  petioles,  the  later 
frequently  long-petioled.  Flowers  rather  large,  otherwise  much  as 
in  the  preceding  species.  Variable  and  perhaps  an  aggregate  of 
several  distinct  species. 

4.  V.  blanda,  Willd.  Sweet  White  Violet.  Rootstock  long, 
Blender,  and  creeping.  Leaves  roundish  heart-shaped  or  kidney- 
shaped.  Flowers  rather  small,  whitish,  sweet-scented,  generally 
beardless,  with  the  lowermost  petal  exquisitely  veined  with  dark 
purple  lines.     In  damp  or  marshy  ground. 
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§  2.  Leafy'Stemmed  perennials, 

6.  V.  pubeacens,  Ait.  Downy  Yellow  Violet.  Soft,  downy, 
6-12  in.  high.  Leaves  broadly  heartrshaped,  toothed,  with  large 
stipules.     Flowers  yellow,  with  a  short  spur. 

6.  V.  canadensis,  L.  Canada  Violet.  Sterns  very  leafy,  smooth, 
1  ft.  or  more  high.  Leaves  heartnshaped,  taper-pointed,  serrate. 
Flowers  large  and  handsome ;  petals  white,  or  nearly  so,  insidej  the 
Upper  ones  usually  violeirtinged  beneath,  lateral  petals  bearded. 

§  3.   Leafy^temniedy  from   an  annual,  biennial,  or  occasionally  short" 
lived  perennial  root ;  stipules  about  as  large  as  the  leaves. 

7.  V.  tricolor,  L.  Pansy,  HeartVease.  Stem  branching, 
angular,  hardly  erect.  Leaves  variable,  more  or  less  ovate,  crenate. 
Flowers  large  (often  more  than  1  in.  across),  flattish,  short-epurred, 
exceedingly  variable  in  color.     Cultivated  from  Europe. 

Variety  arvensis.  Johnny-jump-up,  Lady's-delight.  A  small 
flowered  variety.  Introduced  in  gardens  and  sometimes  appearing 
like  a  native  plant. 


67.  PASSIFLORACEJB.     Passion-flower  Family. 

Shrubs  or  herbs,  climbing  by  axillary  tendrils.  Leaves 
alternate,  simple,  mo^tly  3-lobed.  Flowers  axillary,  on  jointed 
peduncles,  solitary  or  few  together,  perfect,  regulär,  often 
showy.  Calyx-tube  4-5-lobed,  persistent.  Petals  usually  5, 
inserted  on  the  throat  of  the  calyx-tube,  which  is  fringed 
with  a  crown  of  1-3  rows  of  long  and  slender  filaments. 
Stamens  5,  their  filaments  united,  and  enclosing  the  stalk  of 
the  ovary.  Styles  1-5;  ovary  with  3-5  parietal  placentae. 
Seeds  numerous,  fruit  fleshy. 

PASSIFLORA. 

Characters  of  the  family. 

1.  P.  incamata,  L.  Passion-flower.  Perennial.  Stem  often 
20-30  ft.  long,  somewhat  angled  or  striate,  smooth  below,  downy 
above.  Leaves  broadly  heart-shaped,  palmately  3-5-lobed,  the  lobes 
acute,  finely  serrate,  usually  heart-shaped  at  the  base ;  petiole  bearing 
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2  oval  glands  near  its  sommit.  Flowers  2-3  in.  wide,  solitary; 
peduncles  3-bracted,  longer  than  the  petioles;  calyx-lobes  with  a 
small  horn-like  appendage  on  the  back  near  the  apex,  white  within. 
Petals  and  crown  purple  and  white.  Fruit  yellow,  about  the  size 
and  shape  of  a  hen*8  egg,  edible.  Seeds  with  a  pulpy  aril.  Com- 
mon  along  fence-rows  and  embankments  S.* 

2.  P.  lutea,  L.  Yellow  Passiok-flower.  Perennial.  Stein 
Blender,  smooth,  6-10  ft.  long.  Leaves  broadly  heart^haped,  34obed 
at  the  summit,  entire,  often  niucronate ;  stipules  small ;  petioles 
withoat  glands.  Peduncles  longer  than  the  leaves,  usually  in  pairs. 
Flowers  greenish-yellow,  J-f  in.  wide.  Fruit  purple,  oval,  ^  in. 
long.     Woods  and  thickets  S.* 


68.   BSGONIACEJB.     Begonia  Family. 

Chiefly  perennial  herbs  er  low  shrubs,  with  fleshy  or  very 
juicy  Sterns.  Leaves  alternate,  generally  heart-shaped  at  the 
base,  often  very  unsymmetrical ;  stipules  deciduous.  Flowers 
moncBcious,  in  cymes  or  other  Clusters,  on  axillary  peduncles. 
Stamens  many  (Fig.  18).  Pistülate  flowers  with  the  floral 
envelopes  borne  on  the  ovary  ;  ovary  3-angled  or  3-winged 
(Fig.  18),  very  many-seeded. 

BEGONIA,  L. 

Flowers  with  the  calyx  and  corolla  of  the  same  color, 
staminate  and  pistillate  ones  both  occurring  in  the  same  düs- 
ter. Sepals  usually  2.  Petals  2  or  in  the  fertile  flowers  3  or 
4,  sometimes  wanting.  Stamens  many  in  a  Cluster,  with  short 
filaraents.  Styles  of  the  fertile  flowers  3,  often  with  long, 
twisted  Stigmas  (Fig.  18,  C).  The  genus  contains  a  great  num- 
ber  of  species  and  varieties,  cultivated  from  tropical  or  sub- 
tropical  regions,  of  which  only  a  few  of  the  commonest  are 
here  described. 

1.  B.  Rex,  Putz.  Herb,  stemless  or  nearly  so,  from  a  fleshy  root- 
stock.  Leaves  larpf»,  taper-pointed,  very  unequally  heart«haped,  the 
marjrin  sinuous,  ofteti  bristly  fringed,  Upper  surface  wholly  silvery  or 
mottled  silvery  and  dark  green,  lower  surface  green  or  reddish  or  of 
both  colors.  Flowers  few,  large(li  to  1}  in.  in  diameter),  varying 
from  yellow  to  pinkish.  Cultivated  from  the  Himalayas ;  many 
varieties. 


fruif^nd  aiKi  HJinetiiues  nitli  wvy  r^nwte.  teeth,  upper  surface  dark 
grveii,  lower  mirfaee  aml  }K"tiolv8  partly  covered  witli  long  frifiged 
Bcaleäj  stipule«?  larjjftjr  arid  fruij^^d*  Flowers  flesh-colored,  handsome, 
in  a  Ilkj^ö  pjinieli*  l)orn^  i>ji  i%  long  peduTiule.  Cultivated  frorn  Mexico. 
3.  B.  coccinea,  HcM>k.  Tall,  Ü-IÜ  fL  high,  fHimewliat  «hruhby, 
ofttiu  witli  II Kill}  ereut,  siLiüOth  ütetiiä  £rom  the  same  rt>i>L     Lcaves 


C  ß  B 

FiG   18.  —  Begoula  Flowers. 
Ai  «tarditmtä  flower ;    B,  pHtillato  dower  ;   C,  twlatmi  BilgmoM,  f^ül^rged  ^  i>, 

broadl y  atid  uneverily  lanceolate  or  ovate-laiiceolate,  half-hf^artnihaped 
or  broad  ly  one-eared  at  the  base,  acute,  neurlj  or  qiiite  eütire,  smooth, 
thill  green  above,  söim.'tim<*s  tiriged  with  redtlish  below*  Pedunclea 
several— many-flowp red,  reddish,  slender^  sornewhafc  nodding-  Floweru 
ühow}",  nif'diuni  sizt^d,  so!ir]f?t.  Fruit  ehowy,  acarlet,  yery  hroadly 
winged,      Cultivated  from  Peru.     [Ofteu  called  B.  rtjftra.l 

4.   B.  incanyita,  Link  and  Otto.     Herbac^ous  or  maiiily  so,  ratber 
tall  (2-4  ft.),  .st^ma  cluätfared,  slightly  recliiüng,  hairy  when  yoang, 


blunt,  half-heart-shaped  at  the  base,  somewhat  lobed  and  sinuate- 
toothed,  rough-hairy  above  and  below  and  on  the  petioles,  dark 
green  above  with  coppery  streaks  along  the  veins.  Flowers  on 
Short  peduncles,  few,  of  medium  size,  beautiful  rose-pink  in  the  bud, 
becoming  almost  white,  thickly  covered  outside  with  soft,  moss-like 
hairs.     Cultivated  from  Mexico.     [Often  called  B,  metallica,'] 

5.  B.  semperflorens,  Link  and  Otto.  Sterns  smooth,  herbaceous, 
rather  fleshy,  branching  near  the  ground  and  reclining.  Leaves 
obtuse  or  nearly  so,  broadly  ovate,  somewhat  unevenly  heart-shaped 
or  tapering  at  the  base,  irregularly  serrate,  or  scalloped  and  wavy, 
smooth,  dark  green,  and  very  glossy  above ;  stipules  rather  large, 
nearly  ovate.  Flowers  in  small,  axillary  Clusters  near  the  top  of  the 
stem,  whitish  to  crimson,  about  1^  in.  in  diameter.  Ovary  in  fruit 
very  broadly  winged.  An  easily  grown  but  homely  species.  Culti- 
vated from  S.  Brazü. 


69.   CACTACEÄ.     Cactus  Family. 

Plants  usually  with  very  fleshy  and  much  thickened,  often 
globular  or  cylindrical  stems  (Fig.  49).  Leaves  usually 
wanting.  Flowers  sessile,  solitary,  often  very  showy.  Peri- 
anth  consisting  of  several  rows  of  sepals  and  petals,  adnate 
below  to  the  ovary.  Stamens  many,  with  slender  filaments, 
borne  on  the  inside  of  the  perianth-tube.  Style  1 ;  Stigmas 
numerous ;  ovary  1-celled,  many-ovuled.  Fruit  a  many- 
seeded  berry. 

I.    OPUNTIA,  Tourn. 

Stem  composed  of  a  series  of  flattened  joints,  which  are 
usually  ^eafless  when  füll  grown.  Leaves  very  small,  awl- 
shaped,  spirally  arranged,  appearing  on  the  young  joints,  but 
soon  dropping  off,  with  barbed  bristles  and  sometimes  spines 
in  their  axils.  Flowers  yellow.  Sepals  and  petals  not  much 
united  into  a  tube.     Fruit  often  eatable. 

1.  0.  vulgaris,  Mill.  Common  Prickly  Peak.  Prostrate  or 
nearly  so,  pale  green.  Leaves  about  J  in.  long,  rather  scale-like  ; 
briotles  many,  with  few  or  no  spines.  Flowers  2  in,  or  iiiore  in 
diaiiieter,  with  about  ö  petals.      Fruit    about  1   in.  Jong^  critnBan 


i 


2.  0.  fiäfineaquii,  Engelm.  FroHtrate,  green.  Leave»  |-|  m.  latig, 
awl-3haiK?ii,  äpreiiiüiij^s  ^'i^iwtles  often  hitenuixed  with  a  few  small 
»pinea  and  a  largiT  one  J-l  in*  long,  Flowara  larger  thun  in  No*  1 
and  with  lf)-12  petuls.  Fruit  about  IJ  iu.  long,  mueh  tapered  at 
the  hiisi^.     Tn  poor  so  iL 

3.  0.  mkaouriensifl,  BC^  Prostrat^,  light  greett.  Leares  very 
»tnüUj  Tvitli  bristies  and  5-10  Bpines  in  their  axils.  Flowera  2-3  in* 
iu  diaiufdter.     Fruit  dry  und  äpiny.     Wiäcouäin,  S*  and  W. 


n,    PBYLtOCACTUS. 

Sterns  eylifidrical  when  old,  with  long,  flatteEed^  fieshy  but 
leaf-like,  sinuate  o?  aerrate  branches.  Flowers  nearly  or  quite 
regulär,  from  the  notches  in  the  margins  of  tbe  joints. 

1*  P.  Ackermamii,  L*  Flowers  vc*ry  showy^  bright  red-  Perianth- 
tube  ehort^r  than  the  petab.  Sepals  Hcatt-ered,  sniali  und  bract-like. 
Petala  niany,  2^  in.  long,  widely  öpix^ading,  aoniewhat  channeled, 
aharp-pointed.     Cultivated  from  Mexico. 


HI.    CBRET7S,  DC. 

Stein  more  or  lese  pritmatic  but  strongly  ridged,  with  bun* 
dies  of  spines  bonie  on  the  ridgest  Bometimea  prostrate  or 
trailiiig,  Bometimes  erect»  columnarj  and  50  or  GO  ft.  high. 
Flowers  nsualJy  showy,  borne  on  tlie  sides  of  the  stem,  gener- 
ally  with  a  rather  long  perianth*tube,  whieh  ia  covered  ontside 
withsoale4ike  eepals,  nsually  with  tufts  of  wool  in  their  axils. 
Petals  matiyj  uiostly  long  and  spreading, 

1*  C.  apeciociaaimus^  BC*  Sterns  ^-3  ft.  high,  with  3-4  broad- 
winged  aui^  öinuat«  ridges.  Flower»  Dpi»n  iii  the  daytinie  and  lasting 
several  da^^s^  rftd  or  crimson,  very  slitiwy.  Petals  longer  than  tbe 
tnbe,  stiimena  white,  drooping^  very  namerom.  Commonly  cnlti* 
vated  from  Mexico. 

2.  C.  grandiflonia,  MiH.  NniHT-BLOOMihra  Cerecs.  Sterns  long, 
cliniidng  by  aerial  n.iots,  nearly  cylindrical,  but  with  6  or  more  blunt 
angles,  Flowers  very  öhowy,  opening  only  for  one  night,  wilting 
eariy  in  the  morning,  extremely  fragraiit.  Sepals  duU  yellow.  Petals 
pearly  white,  sprtjadiüg,  Ö-U  in,  long*    Cultivated  from  Mexico» 


70.   (BNOTHERACEiB.     Evening  Primrose  Family. 

Herbs,  rarely  shrubs  or  trees.  Leaves  opposite  or  alternate, 
without  stipules.  Flowers  regulär.  Calyx-tube  adnate  to 
the  ovary,  its  margin  2-4-lobed.  Petals  2-4,  rarely  wanting, 
perigynous,  quickly  falling  off.  Stamens  1-8.  Ovary  usually 
4-celled ;  style  thread-like  ;  stigma  entire  or  4-lobed  ;  ovules 
1  or  more  in  the  inner  angle  of  eacL  cell.  Fruit  a  capsule, 
berry,  or  stone-fruit.     Seeds   1   or  more,  smooth  or   hairy. 


I.    (ENOTHERA,L. 

Herbs,  rarely  shrubby.  Leaves  altemate.  Flowers  large, 
yellow,  red,  or  purple.  Calyx-tube  4-angled.  Petals  4. 
Stamens  8.     Capsule  usually  4-celled,  many-seeded. 

1.  (B.  fnxticosa,  L.  Sundrops.  Biennial  or  perennial.  Stern 
erect,  often  rather  stout,  1-3  ft.  high,  downy  or  sometimes  smooth. 
Leaves  lance-oblong,  or  in  one  variety  linear  or  nearly  so,  usiially 
minutely  toothed.  Racemes  often  corymbed.  Flowers  open  in 
the  daytime,  showy,  yellow,  1-2  in.  in  diaraeter.  Pod  nearly  sessile, 
ellipsoidal,  with  prominent  ribs  and  streng  wings.    Dry  seil,  common. 

2.  (B.  pmnila,  L.  Small  Suxdrops.  Much  like  the  pi^eceding, 
but  smaller.  Leaves  oblanceolate  or  oblong,  entire.  Flowers  J-l  in. 
in  diameter.     Pod  club-shaped.     In  dry  soil. 


n.    FUCHSIA,L. 

Herbs,  shrubs,  or  trees.  Leaves  opposite  or  3  in  a  whorl. 
Flowers  showy.  Calyx  colored,  tubular-funnel-shaped,  the 
tube  extending  much  beyond  the  ovary,  the  margin  4-lobed. 
Petals  4,  borne  in  the  throat  of  the  calyx.  Stamens  8,  pro- 
jecting  outside  the  corolla.  Capsule  berry-like,  ellipsoidal, 
4-angled. 

1.  F.  macrostemma,  Ruiz  and  Pav.  Common  Fuchsia,  Ladies' 
Eardrop.  Smooth.  Leaves  slender-petioled,  toothed.  Flowers  on 
long,  drooping  peduncles  from  the  axils  of  the  leaves.  Calyx-tube 
oblong  or  a  short  cylinder,  not  as  long  as  its  spreading  lobes.  Petals 
obovate  and  notched,  wrapped  spiraUy  around  the  projecting  fila- 


peiais.     uiutivatea  irom  uniii. 

m.    CIRCJEA,  Toam. 

Slender,  erect  herbs,  with  creeping  rootstocks.  Stein  simple. 
Leaves  opposite,  petioled.  Flowers  small,  in  terminal  and 
lateral  racemes.  Calyx-tube  ovoid,  tbe  limb  2-parted,  reflexed, 
deciduous.  Petals  2,  inversely  heart-shaped,  inserted  with  the 
2  stamens  under  a  margin  of  a  disk  which  is  borne  on  the 
pistil.  Ovary  1-2-celled  ;  style  thread-like  ;  stigma  knobbed, 
2-lobed  ovules,  1  in  each  cell.  Fruit  ovoid,  not  Splitting  open, 
covered  with  hooked  bristles. 

1.  C.  lutetiana,  L.  Enchanter's  Nightshade.  Stein  1-2  ft. 
high,  glandular-downy.  Leaves  ovate,  faintly  toothed,  long-petioled. 
Flowers  |  in.  in  diameter,  white  or  pink,  on  slender  pedicels,  jointed 
at  the  base.     Damp,  shaded  places ;  very  common. 


71.   ARALIACEJE.     Ginseng  Family. 

Herbs,  shrubs,  or  trees.  Leaves  altemate,  simple  or  Com- 
pound ;  stipules  adnate  to  the  petiole  or  wanting.  Flowers 
regulär,  in  umbels  or  heads.  Limb  of  the  calyx  borne  on 
top  of  the  ovary,  very  short.  Petals  6,  very  deciduous. 
Stamens  5,  filaments  beut  inward,  anthers  versatile.  Ovary 
2-celled  or  several-celled  ;  styles  or  stigmas  as  many  as  the 
cells  ;  ovule  1  in  each  cell.  Fruit  a  stone-fruit  or  berry. 
[The  English  ivy,  an  important  member  of  the  family,  flowers 
too  late  for  school  study.] 

ARALIA,  Tourn. 

Perennial  plants  with  pungent  or  spicy  roots,  bark,  and  fruit. 
Lieaves  once  or  more  Compound.  Flowers  more  or  less  monoe- 
cious,  white  or  greenish,  in  umbels.     Stone-fruit,  berry-like. 

1.  A.  hispida,  Vent.  Bristly  Sarsaparilla,  Wild  Elder. 
Stern  1-2  ft.  high,  rather  shrubby  below,  with  prickly  bristles. 
Leaves  once  or  twice  pinnate ;  leaflets  ovate,  acute,  cut-serrate  and 


pastures  E. 

2.  A.  nudicaulis,  L.  Sarsaparilla.  Perennial  herb ;  roots  very 
long,  somewhat  fleshy,  aromatic;  stem  very  short  or  none.  Leaf 
solitary,  from  a  sheathing  base,  petioled,  6-12  in.  long  ;  Compound  in 
threes,  each  division  3-5-pinnate ;  leaflets  oval  or  ovate,  taper-pointed, 
finely  and  sharply  serrate,  smooth  above,  often  downy  below.  Scape 
nearly  as  long  as  the  petiole,  usually  bearing  3  short,  peduncled 
umbels.  Flowers  greenish.  Styles  distinct.  Fruit  globose,  black. 
In  rieh  woods. 


72.   miBELLIFERJB.     Parsley  Family. 

Herbs,  usually  with  hollow,  grooved  stems.  Flowers  small, 
generally  in  umbels.  Calyx-tube  adnate  to  the  ovary  ;  limb 
of  the  calyx  either  wanting  or  present  only  as  a  5-toothed  rim 
or  margin  around  the  top  of  the  ovary.  Petals  5.  Stamens  5, 
inserted  on  the  disk,  which  is  borne  by  the  ovary  (Fig.  19). 
Ovary  2-celled  and  2-ovuled  (Fig.  19),  ripening  into  2 
akene-like  carpels,  which  separate  from  each  other.  Each 
carpel  bears  5  longitudinal  ribs,  in  the  furrows  between  which 
secondary  ribs  frequently  occur.  On  a  cross-section  of  the 
fruit,  oil-tubes  are  seen,  traversing  the  interspaces  between 
the  ribs,  and  near  the  surface  of  the  fruit  (Fig.  19).  The 
seeds  contain  a  small  embryo,  enclosed  in  considerable  endo- 
sperm.  [The  family  is  a  difficult  one,  since  the  flowers  are 
so  much  alike  that  the  species  are  distinguished  from  each 
other  maiuly  by  minute  characteristics  of  the  fruit.] 

I.    ERYNGIUM,  Toiun. 

Annual,  biennial,  or  perennial  herbs.  Stems  erect  or  creefv 
ing.  Leaves  simple,  mostly  linear  and  spiny-toothed.  Flowers 
white  or  blue,  in  dense,  bracted  heads  or  spikes,  flowers  brac- 
teolate.  Calyx-teeth  rigid,  persistent.  Petals  erect,  pointed. 
Styles  slender.  Fruit  top-shaped,  scaly  or  granulär,  ribs  want- 
ing, oil-tubes  Uii>nally  5,  miaute.* 
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HTPERICÜM,  L. 

Herbs,  shrubs,  or  small  trees.  Leaves  sessile,  often  dotted. 
Flowers  yellow,  perfect. 

1.  H.  pcrforatum,  L.  Common  St.  Johnswort.  Perennial. 
Stein  erect,  1-3  ft.  high,  2-ridged,  much  branched.  Leaves  linear  or 
oblong,  obtuse,  with  translucent  veins  and  dots.  Cyraes  grouped  in 
corymbs,  many-flowered.  Flowers  1  in.  in  diameter.  Sepals  acute. 
Petals  much  longer  tHan  the  sepals,  oblique  at  the  tip  and  irregularly 
fringed.     A  common  weed  in  meadows  and  pastures  £.  and  N. 

2.  H.  nndicaule,  Walt.  Oranokkjrass,  Pinr-weed.  Low  (4-9  in. 
high),  slender  annual,  with  erect,  angled  or  almost  winged  wiry  stem 
and  branches.  Leaves  minute,  awl-shaped  scales.  Corolla  about 
^  in.  in  diameter,  usually  closing  by  or  before  midday.  Sandy 
banks  and  roadsides. 


66.  VIOLACEJB.     Violet  Family. 

Herbs,  with  simple,  alteniate  leaves,  with  stipules.  Calyx 
of  5  persistent  sepals.  Corolla  of  5  petals,  somewhat  irreg- 
ular,  one  petal  with  a  spur.  Stamens  5,  short,  the  filaments 
often  cohering  around  the  pistil  (Fig.  17).  Style  generally 
club-shaped,  with  a  one-sided  stigma,  with  an  opening  leading 
to  its  interior.  Pod  1-celled,  Splitting  into  3  valves,  each 
bearing  a  placenta.  The  seeds  are  often  dispersed  by  the 
Splitting  of  the  elastic  valves  (Fig.  17). 

VIOLA,  Touzn. 

Sepals  ear-like  at  the  base.  Petals  somewhat  irregulär, 
some  of  them  bearded  within,  thus  affording  a  foothold  for 
bees,  the  lowest  one  with  a  spur  at  the  base.  Stamens  not 
cohering  very  much,  the  two  lowermost  with  spurs  which 
reach  down  into  the  spur  of  the  lowest  petal.  Many  species 
bear  inconspicuous  apetalous  fiowers  later  than  the  showy 
ordinary  ones  and  produce  most  of  their  seed  from  these 
closed,  self.fertüized  flowers.     (See  Part  I,  Ch.  XXVIII.) 


or  spatulate.  Fruit  smooth,  roundisb,  notcbed  at  both  ends, 
the  two  carpels  touching  only  at  top  and  bottom,  each  witb 
5  elender  ribs. 

1.  £.  biüboaa,  Nutt.  IIarbinger  of  Spring,  Turkey  Pea, 
Fepper-an D-SALT.  Stem  scape-like,  with  a  leaf  which  forma  an 
involucre  to  the  flower-clueter.  Petals  white,  anthers  brown-purple. 
A  pretty,  though  inconspicuous  plant ;  welcomed  as  one  of  the  earliest 
spring  flowers  S. 

IV.    OSMORRHIZA,  Raf. 

Perennials,  springing  from  stout,  aromatic  roots.  Leaves 
Compound  in  threes.  Flowers  white,  in  Compound  umbels. 
Galyx-teetb  wanting.  Fruit  linear  or  nearly  so,  tapering  at 
the  base,  witb  5  equal  bristly  ribs,  without  oil-tubes. 

1.  0.  breyistylis,  DC.  Hairy  Sweet  Cicely.  Rather  stout 
and  hairy,  especially  when  young,  lJ-3  ft.  high.  Lower  leaves  on 
long  petioles,  large,  twice  Compound  in  threes,  the  divisions  ovate  or 
oval,  cut-toothed,  upper  leaves  nearly  sessile,  less  Compound.  Umbels 
with  long  peduncles  and  spreading  rays.  Style  and  its  enlarged 
base  somewhat  conical.     Root  nauseous.     Rieh  woods. 

2.  0.  longistylis,  DC.  Smooth-leayed  Sweet  Cicely.  Much 
like  No.  1  in  general  appearance.  Smooth  or  nearly  so.  Style 
rather  thread-like.  Root  of  a  pleasant  aromatic  flavor  (as  is  also 
the  fruit).     Woods. 

Cavaion.  So  many  plants  of  this  family  have  actively  poisonous 
roots  and  foliage  that  it  is  unsafe  for  any  one  but  a  botanist,  who 
can  distinguish  the  poisonous  species  from  the  harmless  ones,  to 
taste  them. 

V.    CARUM,  L. 

Herbs,  with  slender,  smooth  stems.  Leaves  pinnately  Com- 
pound, smooth.  Umbels  Compound.  Flowers  white  or  yel- 
lowish.  Calyx-teeth  minute.  Fruit  smooth,  oblong  or  ovate, 
with  thread-like  ribs  ;  oil-tube  Single  in  the  intervals  between 
the  ribs  ;  base  of  the  styles  thickened  into  a  conical  mass. 

1.  C.  Carui,  L.  Caraway.  Perennial.  Leaves  large,  with  the  leaf- 
lets  cut  into  numerous  thread-like  divisions.  Flowers  white.  Fruit 
aromatic,  used  somewhat  in  this  countiy  and  more  in  N.  Europe  for 
flavoring  Cookies,  bread,  etc.     Introdifced  from  Europe. 


VI.    THASPIÜM,  Hutt. 

Perennial  herbs.  Stern  erect.  Leaves  1-2,  Compound  in 
threes.  Umbels  Compound,  involucre  and  involucels  usually 
wanting.  Flowers  yellow  or  purple.  Calyx-teeth  small, 
acute.  Fruit  ovoid  or  oblong,  somewhat  laterally  compressed ; 
carpels  smooth,  strongly  ribbed,  oil-tubes  between  the  ribs.* 

1.  T.  barbinode,  Nutt.  Hairy  Meadow  Parsnip.  Stem  erect, 
branching  above,  downy  at  the  nodes,  2-7  ft  high.  Leaves  petioled, 
slightly  downy,  leaflets  mostly  thin,  ovate,  toothed,  incised  or  lobed 
toward  the  apex,  entire  toward  the  base.  Umbels  long-peduncled, 
few-rayed.  Fruit  oblong,  lateral  and  central  ribs  strongly  winged. 
Along  streams.* 

Vn.    ZIZIA,  Koch. 

Smooth  perennials.  Leaves  generally  as  in  Thaspium, 
Involucre  wanting ;  involucels  of  small  bractlets.  Umbels 
Compound.  Flowers  yellow.  Calyx-teeth  prominent.  Fruit 
more  or  less  ovoid,  smooth,  with  thread-like  ribs,  oil-tubes 
large  and  solitary  between  the  ribs  and  a  little  one  in  each 
rib  ;  the  central  fruit  of  each  umbellet  sessile. 

1.  Z.  aurea,  Koch.  Meadow  Parsnip,  Golden  Alexanders. 
Smooth,  stem  erect,  1-2  ft.  high.  Root-leaves  mostly  heart-shaped 
and  serraie,  stem-leaves  usually  once  Compound  in  threes.  Flowers 
deep  yeUow.  Fruit  betweeu  globose  and  ovoid,  about  ^  in.  long,  aU 
the  ribs  generally  winged.     Woods  and  thickets. 

Vm.    PASTINACA,  L. 

A  tall,  smooth  biennial  with  a  stout,  grooved  stem.  Leaves 
pinnate.  Flowers  yellow,  in  large  umbels,  with  hardly  any 
involucre.  Calyx-teeth  wanting.  Fruit  oval,  very  flat,  with 
a  thin  wing,  oil-tubes  Single,  running  the  whole  length. 

1.  P.  sativa,  L.  Common  Parsnip.  Cultivated  from  Europe 
for  its  large,  conical,  sweet,  and  edible  roots.  Also  introduced  in 
waste  places. 

IX.    HERACLEUM,  L. 

A  stout  perennial,  with  the  very  large  leaves  Compound  in 

tbrees»     Umbels  large,  ocmpoundj  with  the  involueelB  many- 


I 


x\jtJX^AJX\.xi\ji.^ik3    \jx     jo\^xj:^j:%  M. 


leared.  Petals  white,  inversely  heart-shaped,  the  outer  ones 
usually  2-cleft  and  larger.  Calyx  with  5  small  teeth.  Fruit 
tipped  with  a  thick,  conical  enlargement  of  the  style,  with 
three  blunt  ribs  on  the  outer  surface  of  each'carpel  and  a 
large  oil-tube  in  each  interval  between  the  ribs.     Seeds  flat. 

1.  H.  Unatum,  Hichz.  Cow  Farsnip.  Stern  grooTed  and  wooUy. 
4-8  ft.  high.    Leaflets  petioled,  broad,  deeply  and  iiregularly  toothed. 

X.    DAÜCÜS,  L 

Annual  or  biennial,  bristly-hairy  herbs.  Leaves  pinnately 
twice  or  more  Compound,  the  divisions  slender.  Umbela  Com- 
pound, many-rayed.  Flowers  small,  white.  Calyx-teeth  slen- 
der or  wanting.  Petals  notched,  the  point  bent  inward,  often 
unequal.     Fruit  ovoid  or  ellipsoid,  with  rows  of  spines. 

1.  D.  Carota,  L.  Common  Carrot.  Erect,  1-3  ft.  high,  w'ith  a 
conical,  fleahy,  orange-colored  root  Lower  and  root-leaves  2-3 
pinnate.  Central  flower  of  each  umbel  and  Bometimes  of  each 
umbellet  larger  and  very  dark  purple,  with  the  corolla  irregulär. 
Cultivated  from  Europe  for  the  edible  roots;  also  introduced  in 
pastures  and  meadows  and  along  roadsides  £. 

78.   CORNACEJB.     Dogwood  Family. 

Shrubs  or  trees,  rarely  herbs.  Leaves  opposite  or  alter- 
nate,  without  stipules.  Flowers  small,  regulär,  variously 
clustered.  Calyx-tube  adnate  to  the  ovary  ;  limb  of  the  calyx 
very  short.  Petals  4-5,  borne  on  the  margin  of  a  disk  on  top 
of  the  ovary.  Stamens  4-5,  inserted  with  the  petals.  Ovary 
1-4-celled,  with  one  ovule  in  each  cell ;  style  1.  Fruit  (in 
our  species)  a  1-2-celled  and  1-2-seeded  stone-f ruit. 

I.    CORNUS,  Tourn. 

Trees,  shrubs,  or  herbs.  Leaves  usually  opposite.  Flowers 
in  forking  cymes,  or  in  umbels  or  heads,  each  with  an  invo- 
lucre,  white  or  yellow.  Calyx-teeth  4.  Petals  4.  Stamens  4. 
Ovary  2-celled.  Stone-fruit,  ovoidal  or  ellipsoidal,  the  stone 
2-celled 
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1.  C.  canadensis,  L.  Dwarf  Cornel,  Bunch-berry,  Pudding- 
BERRY.  Stern  herbaceous,  excepting  at  the  base,  low  (3-9  in.),  and 
unbranched.  Root  stock  rather  woody,  slender,  and  creeping.  Leaves 
in  what  appears  to  be  a  whorl  of  4  or  6  at  the  summit  o£  the  stem, 
sessile,  ovate,  oval  or  nearly  so,  acute  at  each  end,  entire,  smooth  or 
very  slightly  downy.  Flower-stalk  slender,  J-IJ  in.  long,  with  a 
whorl  of  4-6  large,  white,  petal-like  bracts,  forming  an  involucre 
round  the  small  head  of  greenish  flowers ;  the  head  with  its  invo- 
lucre appearing  to  others  than  botanists  like  a  single  flower.  Fruit 
nearly  spherical,  scarlet,  about  ^  in.  in  diameter,  in  a  close  Cluster, 
sweet  and  eatable,  though  rather  insipid.    Damp  woods,  especially  N. 

2.  C.  florida,  L.  Flowering  Dogwood.  Small  trees ;  bark 
rough,  black.  Leaves  opposite,  petioled,  ovate  to  ovate-lanceolate, 
entire,  green  and  shining  above,  paler  and  often  downy  beneath. 
Flowers  small,  greenish,  in  heads  which  are  subtended  by  4  large, 
white  or  pink,  inversely  heart-shaped  bracts,  thickened  and  greenish 
at  the  notch.     Fruit  ovoid,  bright  red.     In  rieh  woods  S.  and  E.* 

3.  C.  circinata,  L'Her.  Round-leaved  Dogwood.  A  shrub 
3-10  ft.  high,  with  green,  warty  twigs.  Leaves  petioled,  roundish- 
oval,  contracted  to  an  abrupt  point,  entire,  usually  rounded  or  trun- 
cate  at  the  base,  pale  and  soft-downy  beneath.  Flowers  in  flat 
cyraes,  1^-2^  in.  in  diameter.  Fruit  globose,  light  blue,  ^  in.  or  less 
in  diameter.  Thickets  often  in  rocky  soll  N.  and  along  AUeghany 
Mountains. 

4.  C.  sericea,  L.  Kinnikinnik.  A  shrub,  6-10  ft.  high  ;  twigs 
purple,  downy  when  young.  Leaves  opposite,  petioled,  ovate  or 
oblong,  taper-pointed,  smooth  above,  silky-downy  below.  Flowers 
white,  in  rather  close  cymes.  Fruit  blue,  stone  somewhat  oblique. 
In  low  woods.* 

5.  C.  asperifolia,  Hichz.  Rough-leaved  Dogwood.  A  shrub 
8-12  ft.  high  ;  twigs  slender,  reddish-brown,  often  warty,  densely 
downy  when  young.  Leaves  opposite,  short-petioled,  lance-ovate 
or  oblong,  acute  or  taper-pointed,  with  rough  down  above,  downy- 
woolly  below.  Cymes  flat,  spreading,  the  i)eduncle  and  branches 
covered  with  rough  down.  Flowers  white.  Fruit  white  or  pale 
blue,  stone  depressed-globose.     In  dry  woods.* 

6.  C.  stolonifera,  Hichz.  Red  Osier  Dogwood.  A  shrub  3-15 
ft.  high,  with  smooth,  reddish-purple  bark  on  all  the  younger  twigs, 
spreading  by  suckers  from  the  base  and  therefore  the  stems  usually 
clustered.  Leaves  on  rather  slender  petioles,  acute  or  taper-pointed, 
rounded  or  tapered  at  the  base,  covered  at  least  beneath  by  very  fine, 
closely  appressed  hairs.  Fruit  white  or  nearly  so,  globose,  ^  in.  or 
raore  in  diameter.     Common  in  wet  ground,  especially  N. 

7.  C.  altemifolia,  L.  Alternate-leaved  Dogwood.  A  shrub 
or  small  tree;    twigs  greenish,  striped.     Leaves  alternate,  often 
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cluBtered  at  the  ends  of  the  twigs,  long-petioled,  oval,  acute  at  the 
apex  and  often  at  the  base,  minutely  toothed,  pale  and  covered  with 
fine,  appressed  hairs  beneath ;  cymes  loose  and  open.  Flowers  white. 
Fruit  deep  blue.     Banks  of  streams.* 

IL    NTSSA,  L. 

Trees  or  sbrubs.  Leaves  alternate,  petioled,  entire  or  few- 
toothed.  Flowers  somewbat  monoecious  or  dicBcioos,  the 
staminate  in  many-flowered  heads  or  cymes,  the  pistillate  in 
small  Clusters  or  solitary.  Calyx-tube  5-toothed  or  truncate. 
Petals  minute  or  wanting.  Stamens  5-10.  Ovary  1-celled, 
1-ovuled ;  style  long  and  recurved.  Fruit  a  l-seeded  stone- 
fruit. 

1.  N.  sylvatica,  Marsh.  Black  Gusf.  A  tree  with  widely 
spreading  branches  and  dark,  rough  bark,  wood  lightKsolored,  very 
tough,  base  of  trunk  often  enlarged.  Leaves  often  clustered  at  the 
ends  of  the  twigs,  oval  or  obovate,  taper-pointed  or  obtuse  at  the 
apex,  entire,  sraooth  and  shining  above,  downy  beneath,  becoming 
bright  red  in  autumn.  Staminate  flowers  in  heads.  Pistillate  3-10 
in  a  long-peduncled  Cluster.  Fruit  ovoid,  dark  blue  or  nearly  black, 
^  in.  long,  stone  slightly  ridged.     In  rieh,  wet  soll  S.  and  E.* 

2.  N.  uniflora,  Wang.  Tupelo.  A  large  tree,  similar  to  the 
preceding.  leaves  long-petioled,  oval  or  ovate,  acute  at  each  end, 
entire  or  coarsely  toothed,  the  lower  sometimes  heart-shaped,  smooth 
above,  downy  beneath,  4-8  in.  long.  Staminate  flowers  in  heads. 
Pistillate  flowers  on  long  peduncles,  solitary.  Fruit  ovoid,  dark  blue, 
stone  sharply  ridged.     In  swamps  S.  and  £.* 


74.  PTROLACEJB.     Pyrola  Family. 

Perennial  herbs,  evergreen  or  eise  pale  and  without  Chlo- 
rophyll. Petals  usually  free  from  each  other  and  falling  off 
separately  after  flowering.  Stamens  hypogynous,  the  anthers 
without  appendages  and  opening  by  pores  or  by  a  transverse 
slit.  Fruit  a  capsule  containiug  a  great  number  of  very  small 
seeds. 

I.    CHUttAPHILA,  Pursh. 

Low  plants,  nearly  herbaceous,  with  reclining  stems,  from 
long,   horizontal,   Underground  shoots.     Leaves  opposite  or 


whorled,  leathery,  shining,  evergreen,  on  short,  petioles. 
Flowers  fragrant,  white  or  purplish,  on  a  corymb  or  umbel 
whieh  terminates  the  stem.  Calyx  5-cleft  or  5-parted,  per- 
sistent. Petals  5,  eoncave,  roundish,  spreading.  Stamens 
10,  the  filaments  enlarged  and  downy  in  the  middle,  the 
anthers  somewhat  4-eelled,  opening  when  mature  by  pores  at 
the  outer  end.  Style  top-shaped,  nearly  buried  in  the  top  of 
the  globular  ovary.     Capsule  erect,  5-celled. 

1.  C.  nmbellata,  Nutt.  Prince's  Fixe,  Pipsissewa.  Branches 
leafy,  4-12  iu.  high.  Leaves  spatulate  or  wedge-oblanceolate,  obtuse 
or  nearly  so,  aharply  serrate,  very  green  aiid  glossy.  Flowers  sev- 
eral,  urabelled  or  somewhat  corymbed,  white  or  pinkish,  the  anthers 
violet.     Dry  woods,  especially  under  pine  trees. 

2.  C.  macttlata,  Pnrsh.  Spotted  Wintergreex.  Much  resem- 
bles  No.  1,  bat  bas  only  scattered  teeth  on  the  leaves,  which  are 
mottied  with  white  on  the  upper  surface  and  are  often  broad  or 
rounded  at  the  base.     Dry  woods. 


n.    PTROLA,  Touxn. 

Biennial  or  perennial,  almost  woody  herbs ;  rootstock  sleii- 
der  and  creeping.  Leaves  mostly  radieal,  with  broad  petioles, 
evergreeii.  Flowers  in  racemes,  nodding,  on  a  bracted  scape. 
Sepals  5.  Corolla  usually  globose,  of  5  free  or  nearly  free, 
roundish  petals.  Stamens  10,  in  pairs  opposite  the  petals, 
hypogynous  ;  anthers  as  in  Chimaphila,  Capsule  globose, 
5-celled,  Splitting  into  5  valves,  the  latter  usually  with  downy 
edges. 

1.  P.  elliptica,  Nutt.  Shin-leaf.  Scape  5-10  in.  high.  Leaf- 
blades  obovate-oval  or  elliptical,  rather  thin,  dark  green,  faintly 
scalloped,  almost  always  longer  than  their  margined  petioles. 
Flowers  greenish-white,  very  fragrant.  Rieh,  usually  dry  woods, 
especially  N. 

2.  P.  rotundifolia,  L.  Round-leaved  Wintergreen.  Scape 
6-20  in.  high.  Leaf-blades  roundish  or  oval,  leathery,  shining  above, 
faintly  scalloped,  often  rounded  at  the  base  or  almost  heart-shaped, 
usually  shorter  than  the  slightly  margined  petioles.  Flowers  white, 
very  fragrant.     Varies  greatly.     Usually  in  dry  woods  N. 
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m.    HOHOTROPA,L. 

Leafless,  simple,  erect,  white,  brown,  or  red  root-parasites 
or  saprophytes  or  fed  by  elender  f ungus-threads  which  Cluster 
on  the  roots.  Stern  scaly,  the  upper  scales  often  passing  into 
bracts.  Flowers  solitary  or  in  spikes  or  racemes.  Sepals  or 
bracts  2-5,  erect,  deciduous.  Petals  4  or  5,  erect  or  spreading. 
Stamens  8  or  10,  hypogynous,  the  filaments  awl-shaped,  anthers 
kidney-shaped.  Ovary  4-5-celled  ;  style  simple ;  Stigma  disk- 
like,  with  4-5  rays. 

1.  H.  uniflora,  L.  Indian  Pipe.  Stern  smooth,  fleshy,  i<-6  in. 
high.  Bracts  ovate  or  lanceolate.  Flower  Single,  tubulär,  }-l  in. 
long,  inodorous.  Stamens  a  Utile  shorter  than  the  petaU.  Capsule 
angled,  |-}  in.  long.  Whole  plant  waxy-white,  turning  black  in  dry- 
ing.     In  meist,  shady  woods  N.  and  £.♦ 

2.  H.  Hypopitys,  L.  Pine-sap.  Sterns  Single  or  clustered,  white 
or  reddish,  4-8  in.  high.  Bracts  ovate-lanceolate.  Flowers  severaL 
in  a  scaly  raceme,  fragrant,  ^-}  iu.  long.  Capsule  oval,  ^  in.  long. 
In  dry,  shady  woods,  especially  under  oaks  or  pines.» 


75.  BRICACEJB.     Heath  Familt. 

Usually  shrubs  or  slightly  shrubby  plants.  Leaves  simple, 
generally  alternate.  Corolla  commonly  regulär,  4-5-cleft, 
sometimes  polypetalous.  Stamens  hypogynous,  distinct,  as 
many  or  twice  as  many  as  the  petals,  the  anthers  mostly 
opening  by  a  hole  at  the  end.  Ovary  usually  with  as  many 
cells  as  there  are  coroUa-lobes ;  style  1.  Seeds  small,  with 
endosperm. 


Shrubs  or  small  trees.     Calyx  free  from  the  ovary.     Corolla  hypogynous^ 
usually  gamopetalous. 

Shrubs  or  small  trees,  with  showy  flowers.     Anthers  not  held 
down  in  pockets  in  the  corolla.  Rhododendron,  I. 

Shrubs,  with  showy  flowers.     Anthers  at  first  held  in  pocket> 
like  depressions  in  the  corolla.  Kalmia,  II. 
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Shmbs,  with  small,  mostly  white,  um-Bhaped  flowers. 

Andromeda,  III. 
A  prostrate  plant,  hardly  at  all  ßhrubby.     Leaves  rather  large, 

often  IJ  in.  wide,  and  veiny.  Epigsea,  IV. 

A  trailing  plant  with  small  (about  i  in.  wide),  thick,  evergreen 

leaves.  Arctostaphylos,  Y. 

B. 

Shrubs.  Calyx-tube  adnate  to  (he  ovary,  on  tohich  the  gamopetalous 
corolla  and  the  stamens  are  home.  Fruit  a  true  herry  or  resembling 
one. 

Fruit  a  berry-like  stone-fruit,  with  10  nntlets  which  resemble 

seeds.  Gaylussacia,  VI. 

Fruit  a  berry  with  many  smaU  seeds.  Vaccinium,  VII. 

I.    RHODODENDRON,  L. 

Shrubs,  often  much  branched.  Leaves  alternate,  thin, 
deciduous.  Flowers  very  showy,  in  terminal  umbels,  from 
scaly  buds,  which  became  well  developed  the  pre vious  season. 
Calyx  very  small,  ö-parted.  Corolla  bell-shaped,  the  tube 
long  and  slender,  the  limb  spreading  and  somewhat  one-sided. 
Stamens  5  or  10,  declined ;  anthers  awnless.  Style  long  and 
slender,  declined ;  Stigma  knobbed.  Capsule  oblong  or  linear, 
5-celled,  many-seeded ;  seeds  very  small,  scale-like. 

1.  R.  nudiflomm,  Torr.  Wild  Honeysuckle,  Election  Pink. 
A  branching  shrub,  4-6  ft.  high ;  twigs  smooth  or  with  a  few  coarse 
hairs.  Leaves  obovate  or  oblong,  ciliate-serrate,  downy,  becoming 
smooth  above ;  petioles  short.  Flowers  appearing  with  or  before 
the  leaves,  pink  or  white,  sometimes  yeUow^ish,  fragrant,  1-2  in. 
wide,  tube  downy  but  not  glandulär.  Capsule  erect,  linear-oblong, 
|-|^  in.  long.  Swamps  and  banks  of  streams;  flowers  extremely 
variable  in  size  and  color.* 

2.  R.  viscosom,  Torr.  Swamp  Honeysuckle,  Swamp  Pink. 
A  shrub,  4-6  ft.  high;  branches  hairy.  Leaves  obovate,  leathery, 
mucronate  at  the  apex,  mostly  smooth  above,  downy  on  the  veins 
beneath;  petioles  very  short.  Flowers  appearing  later  than  the 
leaves,  white,  fragrant,  lJ-2  in.  loufr-  tube  long,  glandular-viscid ; 
capsule  erect,  ^-|  in.  long,  bristly.     In  swamps.* 
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n.    KALHIA,  L. 

Erect  and  branching  shrubs.  Leaves  alternate^  opposite 
or  in  threes,  entire,  leathery,  evergreen.  Flowers  showy,  in 
corymbs  or  1-3  in  the  axils.  Calyx  5-parted.  CoroUa  flat- 
bell-shaped  or  wheel-shaped,  6-lobed.  Stamens  10,  the  anthers 
placed  in  pouches  in  the  corolla,  ülaments  straightening  elas- 
tically  at  maturity  and  so  bringing  the  anthers  in  contact  with 
any  large  insect-visitor.  Style  long  and  slender.  Capsule 
globose,  6-celled,  many-seeded. 

1.  K.  angiutifolia,  L.  Sheep  Laurel.  A  shrub,  1—3  ft.  high, 
with  sinooth,  nearly  erect  branches.  Leaves  petioled,  opposite  or  in 
threes,  oblong,  obtuse  at  both  ends,  dark  green  above,  paler  beneath. 
Corymbs  lateral,  glandulär.  Flowers  purple  or  crimson,  i-^  in 
broad ;  pedicels  slender,  recurved  in  fruit  Calyz  downy,  persistent. 
Style  persistent ;  capsule  depressed-globose.  On  hillsides ;  abundant 
northward.* 

2.  K.  latifolia,  L.  Calico  Bush,  Mountain  Laurel.  Ashrnb, 
4-10  ft.  high.  Branches  stout,  smooth.  Leaves  mostly  altemate, 
petioled,  elliptical  or  oval,  acute  at  each  end,  smooth  anid  green  on 
both  sides.  Corymbs  terminal,  Compound.  Flowers  white  to  rose- 
color,  showy,  1  in.  broad.  Calyx  and  coroUa  glandulär ;  pedicels  long, 
slender,  sticky-glandular,  erect  in  fruit;  calyx  and  style  persistent. 
Shady  banks  on  rocky  or  sandy  soil.* 

m.    ANDROMEDA,  L. 

A  sroall  shrub,  with  scaly  buds.  Leaves  altemate. 
Flowers  in  nearly  terminal  umbels,  white  or  pink.  Sepals  4. 
Corolla  hypogynons,  globose,  with  a  ö-cleft,  reflexed  limb. 
Stamens  10,  hypogynous,  not  projecting  beyond  the  corolla ; 
filaments  bearded.  Ovary  5-ceIled;  style  simple;  stigma 
obtnse  or  enlarged.  Capsule  somewhat  globose,  5-yalyed. 
Seeds  small,  smooth  and  hard. 

1.  A.  polifolia,  L..  Wild  Rosemary.  Stems  long,  rooting  at 
the  base,  with  somewhat  erect,  twiggy,  smooth  branches,  6-18  in- 
high. Leaves  elliptical-lanceolate,  smooth  and  shining,  thick  and 
evergreen.     Flowers  small,  purplish.     Wet  bogs,  common  N. 

2.  A.  Hariana,  L.  Stagger-bcsh.  Usually  smooth,  2-4  ft.  high. 
Leaves  moderately  thin  and  deciduous,  oblong  or  oval,  1-3  in.  long. 
Flowers  rather  small«  white  or  pinkish,  nodding,  in  racemes  oa  the 


naked  shoots  of  the  preceding  year.     Low  groundfl.    Foliage  said  to 
be  poisonous  to  young  browsing  animals. 

IV.    EPIGiEA,  L. 

Prostrate  or  trailing  shrubs.  Steins  rusty-downy,  6-12  in. 
long.  Leaves  alternate,  leathery,  evergreen.  Flowers  in 
bracted,  terminal  close  racemes  or  Clusters.  Calyx  5-parted, 
persistent.  Gorolla  salver-shaped,  5>lobed.  Stamens  10,  about 
the  length  of  the  corollartube.  Ovary  5-lobed ;  style  columnar ; 
Stigma  5-lobed.  Fruit  a  globose,  hairy,  5-celled,  many-seeded 
capsule.* 

1.  S.  repens,  L.  Ground  Lavrbl,  Trailing  Arbutus,  May- 
FLOWER.  Stems  creeping,  the  young  twigs  ascending.  Leaves  oval 
or  somewhat  heart-shaped,  entire,  netted-veined,  smooth  above, 
rough-hairy  beneath ;  petioles  sbort,  rough-hairy.  Racemes  shorter 
than  the  leaves.  Flowers  white  to  bright  pink,  ^  in.  broad,  very 
fragrant.     In  dry  woods,  often  covering  considerable  areas.* 

V.    ARCT0STAPHYL06,  Adans. 

Shrubs.  Leaves  alternate,  evergreen.  Flowers  pinkish  or 
nearly  white,  in  terminal,  bracted  racemes.  Calyx  4-5-parted, 
persistent.  CoroUa  4--5-lobed,  the  lobes  recurved.  Ovary 
5-10-celled,  each  cell  containing  1  ovule.  Fruit  a  berry-like 
stone-fruit,  with  5-10  nutlets. 

1.  A.  üva-ursi,  Spreng.  Bearberry.  In  trailing  clumps,  the 
branches  1-2  ft.  high.  Leaves  evergreen,  finely  wooUy,  obovate  or 
spatulate,  eutire,  very  leathery.  Racemes  few-flowered,  very  short. 
CoroUa  urn-shaped,  the  teeth  hairy  within.  Berry  red,  ^  in.  in 
diameter.     Rocks  and  dry  hilltops,  especially  N. 

VL    6AYLÜSSACIA,  HBK. 

Low,  branching  shrubs,  mostly  resinous-dotted.  Leaves 
serrate  or  entire.  Flowers  small,  white  or  pink,  in  lateral, 
bracted  racemes,  nodding;  pedicels  usually  2-bracteolate. 
Calyx-tube  short,  obconic,  the  lobes  persistent.  CoroUa 
ovoid  to  bell-shaped,  6-lobed,  the  lobes  erect  or  recurved. 
Stamens  equal,  usually  included ;  anthers  awnless.  Fruit  a 
10-seeded,  berry-like  stone-fruit.* 
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1.  G.  frondosa,  Torr,  and  Gray.  Tangleberrt.  An  erect  ehrub, 
1-3  ft.  high;  branches  spreading,  slender,  gray,  slightly  downy. 
Leaves  entire,  oblong  or  obovate,  obtuse,  thin,  smooth  and  green 
above,  paler,  downy,  and  with  resinous  dots  beneath ;  i)etiole8  short. 
Racemes  few-flowered.  Corolla  small,  greenieh-pink,  short-bell« 
shaped;  bracts  small,  oblong,  shorter  than  the  pedicels.  Berry 
depressed-globose,  dark  blue,  with  bloom,  sweet,  aboiit  ^  in.  in 
diameter.     On  low  ground.* 

2.  G.  reainosa,  Torr,  and  Gray.  Hückleberrt.  A  much- 
branched,  stiff  shrub,  1-3  ft.  high,  slightly  downy  when  young. 
Leaves  oval  or  oblong,  rarely  obovate,  obtuse  or  nearly  so,  entire, 
covered  when  young  with  little  resinous  particles.  Flowers  in  short, 
one-sided  racemes.  Corolla  at  first  conical-ovoid,  becoming  after- 
ward nearly  cylindrical,  pink  or  reddish.  Fruit  (in  the  typical 
form)  black,  with  no  bloom,  sweet,  the  seed-like  nutlets  rather  large. 
Woods  and  pastures  in  sandy  soil. 


vn.  VACcmiüH,  l. 

Shrubs  or  small  trees.  Leaves  entire  or  serrulate,  often 
leathery  and  evergreen.  Flowers  terminal  or  lateral,  clus- 
tered  or  solitary,  nodding.  Pedicels  2-bracteolate.  Calyx- 
tube  globose  or  hemispherical,  4-5-lobed,  persistent.  Corolla 
urn-shaped,  cylindrical  or  bell-shaped,  4-5-lobed.  Stamens 
twice  as  many  as  the  lobes  of  the  corolla,  anthers  awned  or 
awnless.  Ovary  4-5-celled,  each  cell  partially  divided  by  a 
partition,  which  makes  the  ovary  appear  8-10-celled ;  style 
slender ;  stigma  simple.     Fruit  a  many-seeded  berry.* 

1.  V.  corymbosnm,  L.  High-bush  Blveberry.  An  erect  shrub, 
6-12  ft.  high ;  branches  stiff,  young  twigs  minutely  warty.  Leaves 
deciduous,  oval  to  ovate-lanceolate,  acute,  margins  bristly,  serrulate, 
smooth  or  downy,  short-petioled.  Racemes  numerous,  appearing 
with  or  before  the  leaves.  Bracts  oval  or  oblong,  deciduoos. 
Flowers  white  or  pink.  Corolla  almost  as  long  as  the  pedicel, 
cylindrical.  Berry  globose,  blue  or  black,  flavor  slightly  acid,  pleas- 
ant.  Common  in  woods  and  thickets,  whole  plant  extremely  variable.* 

2.  V.  pennsylvanicum,  Lam.  Dwarf  Blurberry,  Low  Blue- 
BERRY.  Low  (usually  6-12  in.  high,  sometimes  2  ft.  high^  and 
smooth,  with  warty,  green  branche.s.  Leaves  oblong  or  oolong- 
lanceolate,  sharply  serrate,  with  little  bristle-pointed  teeth,  both 
sides  smooth  and  shining  except  for  down  occasionally  on  the  mid- 
rib  and  veins  below,  pointed  at  both  ends.  Flowers  few  in  a  düs- 
ter, longer  than  their  minute  pedicels.     Corolla  oblong,  bell-ehaped. 
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a  little  narrowed  at  the  throat,  white  or  pinkish.  Berry  blue,  with 
much  bloom,  ripening  earlier  than  the  other  eatable  species,  sweeter 
than  No.  1,  but  not  so  high-flavored.  In  dry  or  sandy  soll,  espe- 
cially  N. 

3.  V.  staminenm,  L.  Deerberry,  Squaw  Hucklbberrt.  An 
erect  shrub,  3-10  ft.  high ;  branches  widely  spreading,  twigs  smooth 
or  minutely  downy.  Leaves  deciduous,  oval  or  oblong,  acute  or 
taper-pointed  at  the  apex,  obtuse  or  slightly  heart-shaped  at  the 
base,  firm,  smooth,  and  green  above,  pale  and  slightly  downy 
beneath,  petioled.  Racemes  with  leaf-like  bracts.  Flowers  numer- 
ous,  drooping,  on  jointed,  slender  pedicel».  CoroUa  bell-shaped, 
purplish-green,  2-awned  anthers  and  style  projecting.  Berry  glo- 
bose  or  pear-shaped,  inedible.     Dry  woods.* 

4.  V.  arboreom,  Marsh.  Farkleberry.  Tree-like,  sometimes 
30  ft.  high;  bark  gray  ;  twigs  slender,  smooth  or  downy.  Leaves 
deciduous,  ovate  or  oval,  mucronate,  entire  or  glaudular-dentate, 
leathery,  green  above,  often  slightly  downy  beneath.  Racemes  with 
leaf-like  bracts;  pedicels  slender,  drooping.  CoroUa  campanulate, 
white.  Anthers  included ;  style  projecting.  Berry  globose,  black, 
mealy,  ripening  in  winter.     Common  in  dry,  open  woods.* 

5.  V.  macrocarpon,  Ait.  Cranberry.  Sterns  creeping,  thread- 
like,  1-3  ft.  or  more  in  length,  the  branches  not  qiiite  erect,  some- 
times 8  in.  high.  Leaves  usually  oval  or  oblong,  obtuse,  thickish, 
evergreen,  the  younger  ones  with  the  margins  somewhat  rolled 
under.  Flowers  nodding.  Petals  strongly  reflexed,  deep  rose-red 
inside  at  the  base,  pale  pinkish  or  almost  white  at  the  tips.  Sta- 
mens  with  the  filaments  hardly  ^  as  long  as  the  anthers.  Fruit  red 
or  reddish-purple,  eUipsoidal  or  nearly  globose,  very  acid,  much 
valued  for  sauce,  pies,  and  jellies.  Common  in  peat-bogs  and  wet 
meadows  N. 

76.   PRIMULACEJB.     Primrose  Family. 

Herbs,  with  simple  leaves,  often  most  or  all  of  them  radi- 
eal.  Flowers  perfect  and  regulär,  generally  gamopetalous. 
Stamens  commonly  5,  inserted  on  the  corolla,  opposite  its 
lobes.  Pistil  consisting  of  a  single  Stigma  and  style  and  a 
(generally  free)  1-celled  ovary,  with  a  free  central  placenta. 

L    DODECATHEON,  L. 

A  smooth,  perennial  herb,  with  a  Cluster  of  oblong  or  spatu- 
late   root-leaves,   fibrous   roots,   and    an    unbranched  scape. 
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leafless  except  for  an  involucre  of  small  bracts  at  the  summit, 
with  a  large  umbel  of  showy,  nodding  flowers.  Calyx  deeply 
5-cleft,  with  reflexed,  lanceolate  divisions.  Tube  of  the 
corolla  very  short,  the  divisions  of  the  5-parted  limb  strongly 
reflexed.  Filaments  short,  somewhat  united  at  the  base; 
anthers  long,  acute,  and  combining  to  form  a  conspicuous  cone. 

1.  D.  meadia,  L.  Shootino  Star,  Ixdiak  Chief.  Corolla 
varying  from  roae-color  to  white.  In  rieh  woods  in  most  of  the 
Middle  and  Southern  States.     Often  cultivated. 

n.    PRIHULA,  L. 

Low,  perennial  herbs,  with  much-veined  root-leaves ;  scapes, 
each  bearing  an  umbel  of  flowers,  which  are  often  showy. 
Calyx  tubulär,  decidedly  angled,  6-cleft.  Corolla  more  or  less 
salve r-shaped,  with  the  tube  widened  above  the  Insertion  of 
the  stamens  ;  the  5  lobes  of  the  limb  often  notched  or  cleft. 
Stamens  5,  not  protruding  outside  the  corolla-tube.  Capsule 
egg-shaped,  Splitting  at  the  top  into  5  valves,  each  of  which 
may  divido  in  halves. 

1.  P.  grandiflora,  Lam.  True  Primrose.  Leaves  spatalate  or 
obovate-oblong.  Flowers  rising  on  separate  slender  pedicels  from 
the  leaf-axils.  Corolla  originally  pale  yellow,  but  varying  to  white, 
red,  and  many  intermediate  shades,  with  a  broad,  flat  limb.  Culti- 
vated  from  Europe. 

2.  P.  sinensis,  Sabine.  Chinese  Primrose.  A  rather  coarse, 
downy  plant.  Leaves  round-heart^haped,  more  or  less  lobed  and 
cut,  long-petioled.  Flowers  large,  in  umbels,  usually  rose-color  or 
white.  Calyx  large,  inflated  and  conical.  Cultivated  aa  a  hoose 
plant. 

m.     TRIENTALIS,  L. 

Low,  smooth,  perennial  herbs,  with  slender,  erect,  un- 
branched  stems.  Leaves  lanceolate,  ovate,  or  oblong,  mostly 
in  a  whorl  at  the  summit  of  the  stein.  Flowers  one  or  few, 
terminal,  on  slender  peduncles,  small,  white  or  pink.  Sepals 
narrow  and  spreading.  Corolla  wheel-shaped,  with  usually 
7  taper-pointed  Segments.  Ovary  globose ;  style  thread-like. 
Capsule  globosC;  many-seeded. 


stem-like,  3-9  in.  high.  Leaves  very  thin,  pale  green,  pointed  at  both 
ends.  Flowers  white.  Capsules  white,  raarked  off  into  polygonal 
sections,  each  corresponding  to  1  seed.     Cold  woods,  common  N. 

IV.  STEIRONEMA,  Raf. 

Perennial  herbs.  Leaves  opposite  or  whoried,  simple, 
entire.  Flowers  yellow,  axillary  or  racemose,  on  slender 
peduncles.  Calyx-tube  5-parted,  persistent.  Corolla  5-parted, 
wheel-shaped,  tube  very  short  or  none,  the  lobes  denticnlate 
at  the  apex,  and  in  the  bud  each  one  enclosing  a  stamen. 
Stamens  5,  distinct  or  slightly  united  at  the  base,  sterile  rudi- 
ments  oftfen  alternating  with  them.  Ovary  globose  ;  style 
slender.  Fruit  a  globose,  5-valved,  few  or  many-seeded 
capsule.* 

1.  S.  ciliatum,  Raf.  Fringed  Loosestrife.  Stems  erect,  slen- 
der, simple,  or  branched,  1-3  ft.  high.  Leaves  opposite,  ovate  to 
ovate-lanceolate,  acute  at  the  apex,  rounded  at  the  base,  margins  and 
petioles  hairy-fringed ;  flowers  solitary  on  axillary  pedmicles,  }-l  in. 
broad  ;  petals  broadly  ovate  or  roundish,  denticnlate ;  calyx  shorter 
than  the  capsule.     Woods  and  thickets.* 

V.  LYSIMACHIA,  Touxn. 

Perennials,  with  opposite  or  whoried  entire  leaves,  which 
are  often  dotted.  Calyx  5-6-parted.  Corolla  wheel-shaped, 
with  its  divisions  commonly  nearly  separate.  Stamens  gen- 
erally  somewhat  monadelphous  at  the  base. 

1.  L.  quadrifolia,  L.  Four-leaved  Loosestrife.  Stem  erect  and 
simple,  .1-2  ft.  high,  hairy.  Leaves  whoried,  most  frequently  in 
fours,  broadly  lanceolate.  Flowers  small,  axillary,  and  solitary,  on 
long  and  slender  peduncles.     Damp  or  sandy  soil. 

2.  L.  striata,  L.  Bulb-bearing  Loosestrife.  Stems  1-2  ft. 
high,  finally  branching,  frequently  producing  bulblets  in  the  leaf- 
axils  after  flowering.  Leaves  abundant,  geuerally  opposite,  narrowly 
lanceolate.  Flowers  small,  pediceled,  in  a  long,  terminal  raceme. 
Low  or  swampy  ground. 
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VI.     ANA6ALLIS,  Touxn. 

Annual  or  perennial  herbs ;  stems  erect  or  diffuse.  Leares 
opposite  or  whorled.  Flowers  axillary,  peduncled.  Calyx- 
tube  5-parted,  persistent.  Corolla  wheel-shaped,  5-parted, 
longer  than  the  calyx.  Stamens  5,  inserted  on  the  base  of 
the  corolla  ;  filaments  bearded.  Ovary  globose  ;  style  slen- 
der  ;  Stigma  knobbed.  Fruit  a  many-seeded  capsule,  the  top 
Coming  off  like  a  lid.* 

1.  A.  aryensis,  L.  Poor  Man's  Weather-glass,  Pimpernel. 
Annual ;  stem  spreading,  widely  branched,  4-angled,  smooth,  4-12  in. 
long.  Leaves  opposite,  sessile,  ovate,  black-dotted  beneath.  Flowers 
on  peduncles  longer  than  the  leaves,  nodding  in  fruit,  corolla  f ringed 
with  glandulär  hairs,  longet  than  the  acute  calyx-lobes,  bright  redL 
opening  in  sunshine.  Capsule  globose,  tipped  by  the  persistent 
style.     Introduced,  and  common  in  fields  and  gardens.*  * 


77.  SBENACEJB.     Ebont  Familt. 

Trees  or  shrubs.  Leaves  alternate,  entire,  pinnately  veined, 
without  stipules.  Flowers  often  dioecious.  Calyx  free  from 
the  ovary,  persistent.  Stamens  2-4  times  as  many  as  the 
divisions  of  the  corolla.  Ovary  3-12-celled  ;  ovules  1  or  2  in 
each  cell.     Fruit  a  berry.     Mostly  tropical  plants. 

I.    DIOSPYROS,  L. 

Flowers  dioecious  or  somewhat  moncöcious,  the  staminate 
ones  in  cymes,  the  pistillate  ones  axillary  and  solitary.^  Calyx 
4-6-lobed.  Corolla  4-6-lobed.  Stamens  in  the  staminate 
flowers  usually  16,  in  the  pistillate  ones  8,  imperfect.  Fruit 
large,  with  the  persistent  calyx  attached  to  its  base,  4-8-seeded. 

1.  D.  Tirginiana,  L.  Persimmon.  Trees,  with  rough,  black  bark 
and  very  hard  wood.  Leaves  oval  or  ovate-oblong,  acute  or  acuminate 
at  the  apex,  rounded  or  slightly  cordate  at  the  base,  entire  and  dark 
green,  smooth  above,  pale  and  often  downy  beneath,  short-peti- 
oled,  deciduous;  flowers  yellowish-white,  the  parts  mostly  in  4's; 
fruit  globose,  edible  when  ripe,  very  astringent  when  green ;  seeds 
large,  compressed,  often  wanting.  Fruit  ripening  late  in  the  fall. 
Common  in  old  fields  and  along  roadsides  S.  and  S.W.* 
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78.  OLEACEiB.     Olive  Family. 

Shrubs  or  trees.  Leaves  opposite,  simple  or  odd-pinnate, 
without  stipules.  Flowers  in  forking  cymes,  small,  white  or 
greenish,  perfect  or  imperfect,  Calyx  free  from  the  ovary, 
4-lobed  or  wanting.  Corolla  hypogynous,  regulär,  4-parted  or 
of  4  separate  petals,  sometimes  wanting.  Stamens  2,  borne 
on  the  petals  or  hypogynous.  Ovary  2-celled.  Fruit  1-2- 
celledy  each  cell  1-seeded,  rarely  2-seeded. 


I.     FRAXINUSy  Toam. 

Deeiduous  trees.  Flowers  dioecious.  Petals  wanting  (in 
our  species).  Stamens  2,  hypogynous.  Fruit  a  1-2-celled 
key,  each  cell  1-seeded. 

1.  F.  americana,  L.  White  Ash.  A  large  tree;  bark  rough, 
gray ;  wood  hard,  strong,  elastic  ;  twigs  and  petioles  smooth.  Leaflets 
Usually  7,  ovate  to  ovate-lanceolate,  taper-pointed  at  the  apex,  rouiided 
or  obtuse  at  the  base,  entire  or  slightly  serrate,  smooth  above,  ofteii 
downy  beneath,  short-stalked.  Flowers  mostly  dioecioiis.  Calyx  of 
the  pistillate  flowers  persistent.  Key  lJ-2  in.  long,  winged  only 
at  the  ai)ex  ;  wing  spatulate  or  oblanceolate.  In  rieh  woods  aod 
swamps.* 

2.  F.  pubescenSy  Lam.  Red  Ash.  A  small  tree;  bark  rough, 
dark  gray ;  twigs  and  petioles  densely  velvety-downy.  Leaflets  5-9, 
oblong-ovate  to  ovate-lanceolate,  taper-pointed  at  the  apex,  narrowed 
into  a  Short  stalk  at  the  base,  finely  serrate,  smooth  above,  velvety- 
downy  beneath.  Calyx  of  the  pistillate  flowers  persistent.  Key  1 J- 
2  in.  long,  the  wing  somewhat  extended  along  the  sides,  oblanceolate 
or  spatulate,  often  notched.     Swamps  and  moist  soil.* 

3.  F.  platycarpa,  Michx.  Water  Ash.  A  small  tree;  wood 
soft,  light  and  weak ;  twigs  smooth  or  downy.  Leaflets  5-7,  ovate 
or  elliptical,  acute  at  the  apex,  acute  or  obtuse  at  the  base,  entire  or 
slightly  serrate,  smooth  or  slightly  downy,  stalked.  Flowers  dioe- 
cious. Calyx  i)ersistent.  Key  often  3-angled  or  3-winged,  wings 
running  nearly  to  the  base,  oblong  or  oval,  pinnately  veined.  In 
swamps  and  wet  soil.* 

4.  F.  quadrangulata,  Michz.  Blue  Ash.  A  large  tree,  with  wood 
heavy,  but  not  as  tough  as  No.  1 ;  the  most  vigorous  twigs  usually 
Square.  Leaflets  7-9,  with  short  stalks,  somewhat  ovate  or  lanceolate, 
acute,  sharply  serrate.  Fruit  winged  to  the  base,  of  nearly  the  same 
width  throughout,  narrowly  oblong.     Rieh  woods,  especially  W. 
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n.    FORSTTHIA,  Vahl. 

Shrubs.  Leaves  opposite  or  in  threes,  appearing  later  than 
the  flowers,  serrate.  Galyx  very  short,  deciduous.  Corolla 
yellow,  bell-shaped,  its  lobes  long  and  slender.  Stamens 
inserted  on  the  base  of  the  corolla-tube.  Fod  2-celledy  many- 
seeded. 

1.  F.  yiridiBsima,  Lindl.  A  hardy  shrub,  with  branches  erect  or 
nearly  so.  Leaves  all  simple,  lance-oblong.  Calyx-lobes  half  as  long 
as  the  tube  of  the  corolla.  Lobes  of  the  corolla  spreading,  narrow- 
oblong,  style  equal  in  length  to  the  tube  of  the  corolla.  Cultivated 
from  Asia. 

2.  F.  siiapenu,  Vahl.  A  hardy  shrub,  with  drooping  brauches. 
Leaves  broadly  ovate,  often  sonie  of  them  with  3  leaflets,  the  lateral 
leaflets  small.  Lobes  of  the  corolla  longer,  broader,  and  more  spread- 
ing than  in  No.  1.  Style  shorter  than  the  tube  of  the  corolla.  Culti- 
vated from  Asia,  less  common  than  No.  1,  often  trained  over  porches 
and  arbors. 

m.    STRIN6A,  L. 

Tall  shrubs,  forking  frequently,  from  the  failure  of  the 
terminal  buds  on  most  branches.  Leaves  simple,  entire. 
Flowers  in  close,  Compound  panicles.  Calyx  4-toothed. 
Corolla  salver-shaped,  the  tube  long,  the  limb  4-lobed.  Pod 
dry,  flattened  at  right  angles  to  the  partition,  4-seeded. 

1.  S.  Yulgaris,  L.  Common  Lilac.  A  strong-growing,  hardy  bush. 
Leaves  ovate,  somewhat  heart-shaped.  Flowers  sweet-scented,  in 
very  close,  large  Clusters,  lilac  or  white.  Corolla-lobes  concave. 
Very  commonly  cultivated  from  Eastern  Europe. 

2.  S.  persica,  L.  Persian  Lilac.  A  moi-e  slender  and  less 
branched  shrub  than  No.  1.  Leaves  lance-ovate,  somewhat  nar- 
rowed  or  tapering  at  the  base.  Flowers  in  rather  loose  Clusters,  not 
very  sweet-scented,  pale  lilac  or  white.  Corolla-lobes  ovate,  some- 
what bent  in  ward.  Pods  linear.  Cultivated  from  Western  Asia, 
less  common  than  No.  1. 


IV.     CmONANTHUS,  L. 

Shrubs  or  small  trees.  Leaves  simple,  opposite,  entire, 
petioled,  deciduous.  Flowers  in  panicles  borne  on  wood  of 
the  previous  season.    Calyx  small,  4-cleft,  persistent.    Corolla 


siiuruj   ^biguiij,   ^-ioi>tni.      ri'Uiii   »    A-aeeueu   öiuiie-i  ruit.* 

1.  C.  virginica,  L.  Füikgis-tree.  A  smaü  tree,  wllh  smootli,  light 
gray  bark  and  öpreading  braue hea*  Leax^ee  oval  to  oblong,  acute  of 
obtiae  at  each  enil.  »mooth  or  sUglitlj  düwiiy.  ranicles  large  and 
Joose,  kafy-bracted,  apiieöring  wifch  the  leav<*g*  Floweju  on  slendt*r, 
drooping  jiedicels»  Pt^tals  1  in.  or  more  in  length»  Fruit  ovoid,  pnr^ 
ple,  ^1  in.  long,     Along  streainsi  usuaJly  on  light  mit* 

V.    LIGCSTRUM,  Toarn. 

Shrubs.  Leavea  simple,  opjxjsite,  entire,  deeiduou»  or  some- 
times  persistent,  ^  Flowers  in  terminal  paniclea  or  siraüsr 
clnsters,  white,  sraall.  Calyx  minoteiy  4-toüthed  or  truncate* 
CoroUa  funtiel-form,  4-lobed.  Stamens  2,  short,  inaerted  in  the 
tube  of  tlie  corolla.  Ovary  free,  2-celledj  2  ovules  in  e»ch 
üell,  styk  sbort.     Fruit  a  l--4-seededj  globose  berry.* 

1,  L.  TTilgare,  L.  FftirET,  A  branching  abnili*  4^10  ft,  high; 
branches  long  and  Blender,  Leaves  somewhat  katheiy,  Innceolate  to 
obovate,  bbort^ijetioled,  tardily  deciduons.  Panicka  denfw^,  inrnut^ly 
downy-  Flowera  ^  in.  wide,  fnigrant.  Stamens  included.  Berries 
black*     Introduceil  from  Euroj»e  and  uaed  largely  for  hedges.* 


79,   QE^TIANACEM,     Geftian  Family* 

Annual  or  pereiinial  herba,     Leaves  entire,  usually  oppo- 

site,  Rometimes  alternate,  without  stipnles.  Flowers  regulär, 
soütary  or  in  eymes.  Calyx  free  from  the  ovary,  4-8-toothed 
or  lobed*  Corolla  hj'-pogynous,  wheel-,  bell-,  or  fnnnel-shaped, 
4-8-lQbed,  Stamens  4-8^  iuaerted  on  the  ßorolla-tube ;  fila- 
ment8  thread-shaped ;  anthers  faring  inwards.  Ovary  1-2- 
celled ;  ovules  many^  on  2  oppoaite  placentas,  Capsula  iKjelled 
or  partially  2-celled,  2-valyed,  many^seeded. 


L     OBOLÄRIA,  L. 

A  low,  smooth,  pnrplisb-green  perenniaL    Flowers  axillary 
and  terminal*    Calyx  of  2  distinct,  spatulate^  bract-like  Bepals, 
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CoroUa  tubular-bell-shaped,  4-lobed.  Stamens  short,  inserted 
at  the  notches  of  the  corolla.  Style  short ;  Stigma  2-lipped. 
Capsule  ovoid,  more  or  less  2-4-celled ;  seeds  very  minute 
and  numerous. 

1.  0.  yirginica,  L.  Penn y wort.  Stem  3-8  in.  high,  often  several 
from  the  same  root.  Leaves  somewhat  fleshy,  wedge-obovate  or 
Bomewhat  diamond-shaped,  often  truncate,  sessile.  Flowers  oppo- 
site  or  terminal  in  threes,  nearly  sessile.  Corolla  pale  purple  or 
nearly  white.     Rieh  woodlands,  among  dead  leaves. 

n.    MENTANTHES,  Toam. 

Perennial,  scape-bearing  marsh  herbs.  Kootstock  creeping. 
Leaves  of  3  leaflets.  Flowers  racemed.  Calyx  5-parted. 
Corolla  fleshy,  funnel-shaped,  the  limb  5-parted.  Stamens  5, 
inserted  on  the  coroUa-tube.  Disk  of  5  hypogynous  glands. 
Ovary  1-celled ;  style  thread-shaped ;  stigma  2-lobed.  Capsale 
globose,  many-seeded. 

1.  M.  trifolUta,  L.  Buck-bean,  Marsh  Trefoil.  Rootstocks 
8tout  and  matted.  Leaflets  obtuse,  entire.  Flowers  f  in.  in  diam- 
eter,  white  or  pinkish.     Bogs,  especially  N. 


80.   APOCYNACEiB.     Dogbane  Familt. 

Trees,  shrubs,  or  herbs,  with  milky  juice,  often  climbing. 
Leaves  usually  opposite,  rarely  whorled;  entire,  nearly  or 
quite  without  stipules.  Flowers  regulär,  solitary,  or  in  cymes. 
Calyx  4-5-cleft.  Corolla  hypogynous,  funnel-,  salver-,  or  bell- 
shaped,  sometimes  with  scales  in  the  throat.  Stamens,  4-o, 
borne  on  the  coroUa-tube  or  throat;  filanients  very  short: 
anthers  somewhat  attached  to  the  stigma.  Ovary  of  2  car- 
pels,  free  or  somewhat  united ;  style  short;  stigma  entire 
or  2-cleft.  Fruit  of  2  many-seeded  pods  (in  the  genera  here 
described). 

I.    AMSONIA,  Walt. 

Perennial  herbs ;  stem  erect,  branched.  Leaves  altemate. 
Flowers  in  terminal  panicles.    Calyx  small,  5-parted.    Corolla 
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small,  pale  blue,  funnel  or  salver  form,  downy  within.  Sta- 
mens  inserted  above  the  middle  of  the  tube,  included.  Ovary 
of  2  carpels,  united  at  the  top  by  the  slender  style ;  Stigma 
globose,  surrounded  by  a  cup-shaped  appendage.  Fruit  2 
slender,  erect,  many-seeded  follicles ;  seeds  without  tufts  of 
hairs.* 

1.  A.  tabernsmontana,  Walt.  Amsonia.  Stern  smooth  and  gla- 
brous,  branched  above,  2-3  ft.  high.  Leaves  lanceolate,  entire, 
acuminate  at  the  apex,  acute  at  the  base,  smooth  above,  with  a 
bloom  or  slightly  downy  beneath,  short-petioled.  Flowers  numer- 
0U8,  on  bracted  pedicels.  Corolla-tube  slender,  smooth  or  sometimes 
downy  above,  the  lobes  narrow,  as  long  as  the  tube.  Follicles 
slender,  spreading,  4-6  in.  long;  seeds  downy.  Swamps  and  wet 
ground  S.* 

n.    VINCA,  L. 

Perennial  herbs  or  small,  slender  shrubs ;  juice  not  percep- 
tibly  milky.  Leaves  evergreen.  Flowers  solitary,  white, 
blue,  or  purple.  Calyx  5-parted,  lobes  taper-pointed,  glandu- 
lär inside  at  the  base.  CoroUa  salver-shaped,  thickened  at 
the  throat,  5-lobed.  Stamens  5,  inserted  on  the  upper  or 
middle  part  of  the  corolla-tube.  Ovary  of  2  carpels.  Pods 
2,  slender,  cylindrical,  many-seeded. 

1.  V.  minor,  L.  Periwinkle.  Stern  slender,  trailing,  often  root- 
ing  at  the  nodes,  1-3  ft.  long.  Leaves  ovate,  acute  at  the  apex, 
short-petioled,  bright  green.  Flowers  axillary,  solitary,  1  in.  wide. 
Calyx  with  linear  lobes  nearly  as  long  as  the  inflated  tube  of  the 
blue  corolla.  Matured  pods  slender,  slightly  divergent.  Introduced 
from  Europe  and  common  in  gardens.* 


in.    APOCYNUM,  Toum. 

Perennial  herbs;  stems  with  very  tough  bark,  branched 
above.  Leaves  opposite,  entire.  Flowers  in  terminal  and 
axillary  bracted  cymes.  Calyx  small,  5-parted,  lobes  acute. 
Corolla  bell-shaped,  5-lobed,  with  a  small,  scale-like  append- 
age at  the  base  of  each  lobe.  Stamens  5,  distinct,  inserted 
on  the  base  of  the  corolla-tube.  Ovaries  2,  distinct,  united 
by  the  styles;  stigma  obtuse,  2-lobed.  Pods  long,  slender, 
many-seeded ;  seeds  with  a  tuft  of  hairs. ''^ 
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1.  A.  cannabinum,  L.  Indian  Hemp.  Stein  erect,  smooth,  with 
numerous  erect  or  ascending  branches.  Leaves  oval  to  oblong, 
macronate  at  the  apez,  rounded  at  the  base,  downy  beneath,  short- 
petioled.  Cymes  terminal,  compact,  shorter  than  the  leaves.  Flowers 
are  on  short,  bracted  pedicels,  greenish-white,  about  ^  in.  broad. 
Calyx-lobes  lanceolate,  nearly  as  long  as  the  tnbe  of  the  corolla. 
Corolla-lobes  erect.  Pods  very  elender,  tapering,  3-4  in.  long. 
Aloug  fences  and  in  thickets.* 

2.  A.  androsaemifoliuin,  L.  Dogbane.  Plant  2-3  ft.  high, 
nsually  smooth,  purplish,  the  branches  spreading  and  forking. 
Leaves  2-3  in.  long,  acute,  mucronate,  petioles  about  ^  in.  long. 
Cymes  mostly  terminal,  few-flowered.  Calyx-teeth  lance-ovate, 
about  half  as  long  as  the  corolla-tube.  Corolla  pale  red  or  whitish, 
its  lobes  recurved.  Pods  stouter  than  in  No.  1.  Roadsides  and 
Clearings,  common. 

IV.    NERIUH,  L. 

Shrubs.  Leaves  mostly  whorled  in  threes.  Flowers  in  termi- 
nal cymes.  Calyx  smaU,  lobes  acute.  Corolla  salver-form, 
the  throat  of  the  tube  crowned  with  cleft  or  cut-friuged 
scales.  Stamens  5,  short,  included ;  anthers  tipped  with  a 
hairy  bristle.  Ovary  of  2  carpels  ;  style  short.  Pods  erect, 
seeds  with  a  tuft  of  hairs."*^ 

1.  N.  Oleander,  L.  Oleander.  Stern  erect,  diffnsely  branched 
from  below,  4-10  ft.  high.  Leaves  narrowly  eUiptical,  acute  at  each 
end,  thick  and  leathery,  short-petioled.  Flowers  showy,  in  large 
Clusters,  red  or  white,  often  double ;  scales  of  the  crown  3-4-pointed 
unequal  teeth ;  pods  spindle-shaped,  3-4  in.  long.  Introduced  from 
Palestine,  common  in  cultivation.* 


81.  ASCLEPIADACEiB.     Milkwked  Familt. 

Shrubs  or  herbs,  often  twining ;  juice  usually  milky. 
Leaves  generally  opposite  or  whorled,  entire,  without  stipules. 
Flowers  regulär.  Calyx  5-parted.  Corolla  5-partecL  Sta- 
mens 5 ;  the  filaments  usually  cohering  around  the  styles, 
often  with  hood-like  appendages,  each  with  an  incurved  hörn 
borne  on  the  stamen-tube  and  forming  a  crown  around  the 
Stigma  (Fig.  20,-4);  anthers  pressing  against  the  lobes  of  the 
Stigma ;  the  poUen  clinging  together  in  tough,  waxy  or  fine- 


Stigmas  5-aiigled  ;  o^iiles  ßeveraj-manj.  Fruit  consisting  of 
1  or  2  pods»  The  flowers  are  very  highly  specialized  for 
poOinatiou  hj  inseets  (see  below,  under  jUeleplas). 

L     ASCLEPIAS,  L. 

Perennial  herbs.  Flowers  in  simple  (usually  manj-flow- 
ered)  umbels.  Calyx  smallj  5-parted,  its  lobes  reiiexed, 
Coralla  deeplj  o-parted,  with  reflexed  lobes  ;  crown  of  hooils 
iÄnd  horns  nonapicuous  (Fig,  20,  A^  B),  Stamens  with  their 
^lilaments  united  into  a  tube  arouud  the  pistÜ  and  anthera 
adnate  to  the  Stigma  (Fig.  20,  i>j  K)  j  antber<"ell3  2,  each  cell 
containing  an  elongated,  pear-shaped,  tough  mass  of  pollen,  a 
mass  f rom  one  anther  alwajs  paired  with  one  from  the  adjoin- 
ing  anther  and  each  two  together  suspended  from  one  of  the 
E  split  glands  on  the  angles  of  the  Stigma  (Fig,  2U,  i),  E). 
Ovai'ies  2 ;  styles  very  short.  Pods  2  or  sometimes  1  and  the 
other  undeveloped.  Seeds  flat,  each  with  a  tuft  of  long,  silky 
hairs.  The  flowers  are  poUiuated  by  inaeets,  which  get  their 
feet  entangled  in  the  clefts  of  the  glands  (Fig,  20>  ß)  and 
then  carry  off  the  pollen-masses,  (See  Müller,  The  FmtUlm^ 
tinn  of  Flowers,  pp,  396-399  inclusive.) 

1*  A.  purpuraaceii»,  L.  Pukple  MincwiiKD-  Stern  1-S  ft  high, 
somewhat  branched  above.  Leavesj  4-(i  in.  long,  elliptical  or  nearly 
ftfi,  the  Upper  oum  taper-pointed»  sligbtly  velvety  beneath^  ghort> 
petioled.  Uniht^a  terininiiL  Flowers*  \  in.  long,  dark  purple;  pedi- 
cela  äiiorter  than  tbe  fj^duncle  ;  harn  hroadly  scythe-shaped,  with 
the  point  bent  sliiirifly  in  ward.     Dry  fsoil. 

2.  A*  Comuti,  Deotiaae.  Common  Milkwebd.  Stem  stoitt^ 
3-1  ft.  bigh»  fiiit^ly  downy.  Leaves  4-8  in*  long,  oblong  or  nearly 
so,  downy  bimeath*  Utnbels  terminal  or  nearly  so.  Flowerü  vary- 
ing  from  purple  or  greenlsb-pnrple  to  whitiah^  numerous,  with  a 
strong,  «weet,  but  aickening  odor.  Hooda  with  a  tonth  on  each  eide 
of  tbe  ötont  Iwrn*     f'orunn^n  in  rieh  BoiL 

3.  Ä,  phytolaccoides,  Purah.  Poke-leavkd  Milkweeh*  Stein 
raiber  slender»  3^5  ft  higb,  Leavea  6-0  in.  long,  ovat4^  or  oval- 
lanoeoUtiJ,  taper-pointed,  »bort-petioled.  Utubela  several,  mostly 
lateral;    pedicelß    elender  aüd   drooping,     Lobes    of    the   corolla 
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greenish ;   hoods  white,  witb   2   teeth ;   horns  with  an   awl-shaped 
point  extending  far  out  of  the  hoods.     Damp  thickets  N.  and  £. 

4.  A.  yariegata,  L.  White  Milkweed.  Stern  stout,  leafless 
and  smooth  below,  leafy  and  downy  in  lines  above.  Leaves  oppo- 
site,  the  middle  ones  sometimes  in  fours,  petioled,  ovate  to  obovate. 


Fi<i.  20.  —  Flower  of  Aschplas  Cornuti. 
A,  entire  flower  ;  D,  vertical  sectlon  ;  C,  diagram  ;  D,  detail«  of  ifollen-mames 
and  glands.    ca,  calyx  ;  c,  corolla  ;  hd,  hoo<l ;  hn,  hom  ;  a,  anther ;  «,  Stig- 
ma ;  o,  ovary  ;  gr,  glaiid  ;  />,  pollen-mass.    (All  coiislderably  enlarged.) 

cuspidate,  smooth  on  both  sides,  j^ale  beneath,  edges  slightly  crenate. 
Umbels  1-5,  compact,  downy,  1-2  in.  long  ;  pedicels  erect,  as  long 
as  the  peduncles.  CoroUa  white,  often  puri)le  at  the  base;  hoods 
roundish,  spreadiiig,  a  little  longer  than  the  thick,  awl-pointed, 
incurv'ed  hörn.     Dry,  open  woods  E.  and  S.* 

6.  A.  quadrifolia,  L.     Four-leaved  Milkweed.     Stern  slender, 
lJ-2  ft.  or  more  high,  usually  leafless  below.     Leaves   in  1    or  2 


pointed.  ümbels  usually  2,  sometimes  1,  with  elender  pedicels. 
Corolla-lobes  very  pale  pink  or  whitish  ;  hoods  white ;  hörn  short, 
stout,  and  bent  inward.     Dry  woods  and  fence-rows. 

n.    HOYA,R.  Br. 

Shrubby,  more  or  less  climbing,  smooth,  tropical  plants. 
Leaves  fleshy.  Calyx  5-cleft,  corolla  5-lobed,  wheel-shaped, 
its  divisions  thick  and  with  a  waxy  look.  Crown  of  5  spread- 
ing  Segments.     Pollen-masses  fastened  by  the  bases. 

1.  H.  carnosa,  R.  Br.  Wax  Plant.  Stenis  long  and  elender, 
rooting  and  trailing.  Leaves  oval  or  nearly  so,  thick,  dark  green. 
Flowers  in  close  umbels,  pink  or  whitish,  the  corolla-lobes  covered 
on  the  Upper  surface  with  minute  projections.  Cultivated  from 
India  as  a  house  plant  and  in  conservatories. 

82.   CONVOLVULACEÄ.     Morning-glory  Family. 

Usually  twining  herbs  or  shrubs,  often  with  milky  juice. 
Leaves  alternate  (wanting  in  Cuscuta),  without  stipules. 
Flowers  variously  elustered,  rarely  solitary,  often  large  and 
showy.  Sepals  5.  Corolla  hypogynous,  regulär,  tubulär,  bell- 
shaped  or  funnel-shaped  ;  its  limb  more  or  less  5-lobed  or 
angled.  Stamens  5,  inserted  on  the  corolla-tube.  Ovary 
usually  2-4-celled  ;  style  slender,  2-4-cleft ;  ovules  1  or  2  in 
each  cell.  Capsule  1-^-celled,  2-4-valved  or  bursting  open 
across  the  base. 

I.    CALYSTE6IA,  R.  Br. 

Twining,  trailing,  or  nearly  erect  perennials.  Leaves  heart- 
shaped  or  arrow-shaped.  Flowers  peduncled,  axillary  and 
solitary.  Calyx  enclosed  in  2  large,  leaf-like,  usually  heart- 
shaped  bracts  ;  sepals  equal.  Corolla  bell-funnel-shaped,  its 
border  nearly  or  quite  entire ;  style  1 ;  stigmas  2.  Pod  1-celled 
or  partially  2-celled,  4-seeded. 

1.  C.  sepium,  R.  Br.  Creepers,  Rutland  Beauty.  Stem 
twining   or  sometimes   exteneively   trailing.      Leaves   heart-arrow- 
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shaped  or  somewhat  halberd-shaped,  the  lobes  at  the  baae  tmn- 
cate.  Flowers  numerous  and  showy,  white  or  tinged  with  rose-color. 
Thickets  and  banks  of  streamB,  often  cultivated. 

2.  C.  spithamaMi,  Pursh.  Downy,  stem  6-12  in.  high,  erect  or 
reclining.  Leaves  oblong,  sonietimes  heart-shaped  or  eared  at  the 
base.     Flowers  white.     In  sandy  soil. 

n.    COKVOLVULUS,  L. 

Herbs  or  shrubs,  with  stems  twining  or  nearly  erect.  Calvx 
not  bracted.  Corolla  broadly  funnel-form  or  bell-sbaped. 
Stamens  not  projecting  from  the  corolla.  Style  1 ;  Stigmas  2, 
thread-like  ;  ovary  and  pod  2-celled,  4-seeded. 

1.  C.  arrensis,  L.  Bindweed.  A  perennial,  prostrate  or  clirab- 
ing  herb,  with  many  stems,  from  a  long,  slender  rootstock.  Leaves 
very  variable,  more  or  less  arrow-«haped,  1-3  in.  long.  Peduncles 
mostly  1-flowered ;  flowers  white  or  pinkish,  about  j  in.  long.  A 
weed  in  fields  £. ;  introduced  from  Europe. 

m.    QUAMOCLIT,  Toam. 

Twining  annual  herbs.  Sepals  5,  mostly  mucronate  or 
bristle-pointed.  Corolla  tubulär,  with  a  narrow,  spreading 
border.  Stamens  projecting.  Style  1;  stigma  knobbed, 
2-lobed.     Pod  4-celled,  the  cells  1-seeded. 

1.  Q.  vulgaris,  Choisy.  Cypress  Vine.  Stem  slender,  smooth, 
twining  high.  *  Leaves  dark  green,  pinnately  cut,  the  divisions  lin- 
ear, smooth.  Peduncles  slender,  as  long  as  the  leaves,  1-5-flowered ; 
pedicels  thickened  upward.  Sepals  ovate  or  oblong,  mucronate. 
Corolla  bright  scarlet,  or  sometimes  yellowish-white,  salver-form,  the 
tube  1-1 J  in.  long,  the  limb  flat  and  spreading,  J-J  in.  wide.  Cajv 
sule  ovoid,  twice  the  length  of  the  sepals.     Common  in  gardens.* 

IV.    IMPOMCEA,  L. 

Annuals  or  perennials;  stems  often  twining.  Flowers 
showy.  Calyx  not  bracted  at  the  base,  of  5  sepals.  Corolla 
bell-shaped  or  funnel-shaped,  twisted  in  the  bud.  Stamens 
not  projecting  from  the  corolla.  Style  slender;  stigma 
knobbed,  2-lobed.  Fruit  a  2-3-celled  capsule.  [/.  purpurea^ 
the  common  morning-glory,  blossoms  too  late  for  school  study. 
L  Batatasj  the  sweet  potato,  seldom  flowers.] 
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1.  1.  hederacea,  Jacq.  Wild  Morkino-olory.  Sterns  hairy, 
twining.  Leaves  heart^haped,  3-lobed.  Peduncles  1-3-flowered. 
Calyx  very  hairy  below.  Corolla  ehowy,  bluish-purple  or  white. 
Pod  usually  3-celled,  with  .2  seeds  in  each  cell.  A  weed  in  fields 
and  about  dwellings ;  introduced  from  tropical  America. 

2.  I.  pandurata,  Meyer.  Wild  Potato  Vine.  Perennial,  from 
a  very  large,  tuberous  root;  stem  trailing  or  twining,  smooth  or 
slightly  downy,  5-10  ft.  long.  Leaves  broadly  heart-shaped,  with 
the  apex  slender  and  obtuse,  sometiraee  fiddle-shaped  or  3-lobed; 
petioles  slender.  Peduncles  longer  than  the  petioles,  1-5-flowered. 
Sepals  oblong,  obtuse,  smooth,  mucronate,  the  2  outer  ones  sborter. 
Corolla  white  with  a  purple  throat,  2-3  in.  wide,  lobes  pointed. 
Capsule  globose,  2-3-8eeded,  the  seeds  woolly  on  the  angles.  On 
dry  or  damp,  sandy  soil,  along  fences,  railroad  enibankments,  etc., 
common  S.  and  W.* 


88.   POLEMONIACEiB.     Phlox  Familt. 

Annual  or  perennial  herbs,  rarely  shrubs.  Leaves  alter- 
nate  or  the  lower  opposite,  with  out  stipules.  Flowers  in  ter- 
minal, forking  cymes.  Calyx  free  from  the  ovary,  5-lobed. 
Corolla  regulär  or  nearly  so,  5-parted.  Stamens  5,  inserted 
on  the  coroUa-tube,  usually  unequal.  Ovary  3-celled ;  style 
simple  ;  Stigmas  3,  linear ;  capsule  3-celled,  the  cells  1-many- 
seeded. 

L    PHLOX,  L. 

Perennial  or  rarely  annual  herbs ;  stems  erect  or  diffuse. 
Leaves  opposite,  or  the  upper  alternate,  entire,  without  stip- 
ules. Flowers  showy,  white  or  purple,  in  terminal  cymes 
or  panicles.  Cälyx  cylindrical  or  funnel-form,  6-cleft,  the 
lobes  acute.  Corolla  salver-form,  the  tube  long  and  slender, 
the  limb  5-parted,  the  lobes  spreading,  entire  or  obcordate. 
Stamens  included,  unequal.  Ovary  3-celled,  style  slender. 
Capsule  ovoid,  3-celled,  1-f ew-seeded ;  seeds  wingless  or 
narro  w- winged.  * 

1.  P.  paniculata,  L.  Garden  Phlox.  Perennial;  stems  in 
clumps,  stout,  erect,  simple  or  branched  above,  2-4  ft.  high.  Leaves 
ovate-lanceolate  to  oblong,  taper-pointed  at  the  apex,  rounded  or 
cordate  at  the  base,  thin,  smooth,  veins  prominent  beneath.  Cymes 
numerous  and  compact,  forming  a  pyramidal  panicle ;  pedicels  short. 
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Calyx-teeth  long,  bristle-pointed.  Corolla  purple  to  white,  lobes 
round-obovate,  shorter  than  the  tube.  Capsule  longer  than  the 
calyx-tube.     In  rieh  wooda;  often  cultivated.* 

2.  P.  maculata,  L.  Wild  Sweet  William.  Stern  erect,  smooth 
er  nearly  so,  rather  elender,  purple-spotted,  1-2  ft.  high.  Lower 
leaves  lanceolate,  the  upper  ones  broader,  taper-pointed,  roundisb 
or  heart-shaped  at  the  base.  Panicie  niany-flowered,  narrow,  ellip- 
soidal.  Calyx-teeth  lanceolate,  hardly  acute.  Flowers  purple,  occa- 
sionally  white.     Damp  woods  and  fields. 

3.  P.  pilosa,  L,  DowNY  Phlox.  Perennial;  stem  erect,  slen- 
der,  simple  or  branched,  1-2  ft.  high.  Leaves  linear-lanceolate  to 
linear,  distant,  spreading,  long,  taper-pointed,  sessile;  stem  and 
leaves  downy.  Cyiues  corymbose,  loose.  Flowers  short-pediceled. 
Calyx  glandular-viscid,  the  teeth  shorter  than  the  tube  of  the  purple 
corolla,  bristle-pointed.  Corollartube  downy,  lobes  obovate.  Capsule 
twice  the  length  of  the  calyx-tube.     In  dry,  open  woods.* 

4.  P.  diyaricata,  L,  Wild  Blue  Phlox.  Perennial;  stems 
erect  or  ascending  from  a  decumbent  base,  sticky-downy,  1  ft.  high. 
Leaves  distant,  lanceolate  to  oblong,  acute  at  the  apex,  rounded  at 
the  base,  sessile,  downy.  Cymes  corymbed,  loosely  flowered.  Calyx- 
teeth  awl-shaped,  longer  than  the  tube.  Corolla  bluish-purple,  |-} 
in.  long,  lobes  notched  at  the  apex,  as  long  as  the  tube.  Capsule 
oval,  shorter  than  the  calyx-teeth.     In  moist,  open  woods.* 

6.  P.  Dnimmondii,  Hook.  Drummond's  Phlox.  Annual;  stem 
erect  or  ascending,  slender,  weak,  branching,  glandular-downy,  6-12 
in.  high.  Leaves  mostly  alternate,  lanceolate  to  oblong,  downy,  the 
Upper  clasping  by  a  heart-shaped  base.  Corymbs  loose.  Flowers 
rather  long-pediceled.  Calyx-tube  short,  the  teeth  lanceolate,  bristle- 
pointed,  soon  recurved.  Corolla  purple  to  crimson  or  white,  orifiee 
of  the  tube  usually  with  a  white  or  yellowish  star-like  ring,  lobes 
rounded  at  the  apex.  Ovary  -3-seeded,  angles  of  the  seeds  winged. 
Introduced  from  Texas  and  common  everywhere  in  gardens.* 

6.  P.  subulata,  L.  Groünd  Pink,  Moss  Pink,  Flowering  Moss. 
Stems  perennial,  prostrate,  8-18  in.  long,  with  many  short,  somewhat 
upright  branches,  2-4  in.  high.  Leaves  liuear-awl-shaped,  stiff, 
about  J  in.  long,  crowded,  with  Clusters  of  smaller  ones  in  their 
axils.  Flower-clusters  3-0-flowered.  Corolla  pink-purple,  with  a 
darker  center,  or  sometiujes  white.  Forms  dense  mats  on  rocky  or 
Sandy  hillsides.     S.  and  W.  and  often  cultivated. 

n.    POLEMONIUM,  L. 

Perennial  herbs.  Leaves  alternate,  pinnate.  Flowers  cor- 
ymbed. Calyx  bell-shaped,  5-lobed.  Corolla  wheel-shaped, 
the  limb  with  ö  obovate  lobes.    Stamens  borne  on  the  throat  of 
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the  corolla,  the  filaments  enlarged  and  hairy  below.   Capsule 
ovoid,  3-celled,  many-seeded. 

1.  P.  reptans,  L.  Jacob's  Ladder,  Blue  Yalerian,  Blue- 
BELL.  Sterns  smooth,  branched,  and  leaning  over,  6-12  in.  high. 
Leaflets  usually  7  or  9,  about  an  inch  long.  Corolla  blue,  about 
3  times  as  long  as  the  calyx.  Capsule  3-8eeded,  borne  on  a  short 
stalk  in  the  persistent  calyx.  Damp,  open  woods,  sometimes  culti- 
vated. 


84.   HYDROPHYLLACEJB.     Waterleaf  Family. 

Herbs,  usually  hairy.  Leaves  commonly  altemate  and 
alternate-lobed.  Flowers  with  their  parts  in  fives,  in  appear- 
ance  not  unlike  those  of  the  foUowing  family,  in  one-sided 
cymes,  which  are  coiled  up  at  first.  Calyx  free  from  the 
ovary,  usually  with  appendages  at  the  notches.  Corolla  often 
with  scales  or  nectar-bearing  folds  inside.  Stamens  borne  by 
the  corollartube.  Style  2-cleft,  or  styles  2.  Ovary  entire  and 
usually  1-celled.     Fruit  a  capsule,  2-valved,  4-many-seeded. 

I.    HYDR0PH7LLUM,  Touni. 

Coarse  perennials.  Leaves  large,  petioled.  Flowers  white 
or  pale  blue,  inconspicuous.  Calyx  5-parted,  sometimes  ap- 
pendaged  at  the  notches.  Corolla  bell-shaped,  5-cleft,  with 
5  double,  nectar-bearing  folds  inside.  Stamens  projecting,  the 
filaments  bearded.  Style  projecting;  ovary  covered  with 
bristly  hairs,  the  placentae  very  broad  aud  fleshy,  enclosing 
the  ovules.     Capsule  globular,  1-4-seeded. 

1.  H.  macrophyllom,  Nutt.  A  coarse,  rough-hairy  plant,  about 
1  ft.  high,  from  scaly-toothed  rootstocks.  Leaves  oblong,  pinnate  and 
pinnately  cut,  the  divisions  mucronate,  obtuse,  coarsely  toothed. 
Flower-cluster  dense,  globular,  long-peduncled.  Flowers  about  ^  in. 
long.  Calyx  little  or  not  at  all  appendaged,  its  lobes  broad  at  the 
base,  but  with  slender,  tapering  points.  Corolla  white.  Rieh,  rocky 
woods  W.  and  S. 

2.  H.  virginicum,  L.  Nearly  smooth,  1-2  ft.  high,  stem  often  fork- 
ing  at  the  base.  Leaves  of  the  stem  mostly  near  the  top,  pinnately 
cut  into  5-7  divisions ;  lobes  oval-lanceolate,  deeply  serrate,  the  lowest 
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ones  distinct;  petioles  of  the  radical  and  lower  leaves  4-8  in.  long. 
Flower-clusters  on  peduncles  longer  than  the  petioles  of  the  upp^fr 
leaves,  f rom  the  axils  of  which  or  opposite  which  they  arise.  Flowers 
about  J  in.  long.  Calyx  not  appendaged,  its  lobes  narrowly  linear, 
bristly-margined.  Corolla  whitish,  with  purplish  veins.  MoLst 
woods. 

3.  H.  appendicnlatomy  Michz.  Hairy,  1-1^  ft.  high.  Stem-leaves 
palmately  5-lobed,  the  lobes  acute,  toothed,  lowest  ones  pinnately 
divided.  Flower-cluster  rather  loose.  Calyx  appendaged  at  the 
notches.  CoroUa  blue.  Stamens  projectiug  from  the  corolla  little 
or  not  at  all.     Moist  woods. 


n.    PHACELIA,  L. 

Herbs,  raostly  annual.  Leaves  alternate,  sometimes  simple, 
but  in  most  species  lobed  or  divided.  Flowers  in  one-sided 
Clusters,  often  showy.  Calyx  5-parted,  without  appendages. 
Corolla  with  5  spreading  lobes.  Ovary  1-celled,  with  narrow 
placentae. 

1.  P.  tanacetifolia,  Benth.  A  tall,  hairy  annual.  Leaves  pin- 
nately cut.  Spikes  long,  densely  flowered.  Flowers  showy,  blue. 
Stamens  projecting.    Capsule  4-8eeded.    Cultivated  from  California. 

2.  P.  Whitlavia,  Gray.  Whitlavia.  A  rather  coarse,  sticky 
annual.  Leaves  broad,  ovate,  coarsely  toothed,  petioled.  Flower- 
clusters  a  loose  raceme.  Flowers  showy,  about  1  in.  long,  blue  or 
sometimes  white.  Corolla  bell-shaped.  Stamens  and  style  project- 
ing.    Cajwule  many-seeded.     Cultivated  from  California. 

3.  P.  Menziesii,  Torr.  Eutoca.  A  much-branched,  somewhat 
rough  or  rough-hairy  plant,  3-12  in.  high.  Leaves  linear,  or  lanoeo- 
late,  entire  or  nearly  so.  Flowers  showy,  violet  or  white,  looselv 
panicled.     Capsule  many-seeded.     Cultivated  from  California. 


85.   BORRAGINACEiB.     Borage  Family. 

Mostly  herbs,  with  stems  and  foliage  roughened  with  stiff 
hairs.  Leaves  alternate  and  entire,  not  aromatic.  Flowers 
generally  in  a  coiled  inflorescence.  Calyx  5-parted.  Corolla 
hypogynous,  generally  5-lobed  and  regulär.  Stamens  5, 
inserted  on  .the  corolla-tube.  Style  1 ;  ovary  comiuonlv 
4-lobed,  ripening  into  4  l-seedeci  nutlets. 


I.    HELIOTROPIUMy  Toaxn. 

Herbs  or  low  shrubs.  Leaves  petioled.  Flowers  white, 
blue,  or  lilac,  in  one-sided,  curved  Spikes.  Calyx  5-parted. 
Corolla  salver-shaped,  the  throat  open.  Anthers  altnost  ses- 
sile.  Style  short ;  stigma  conical  or  knobbed.  Fruit  sepa- 
rating  into  2  or  4  nutlets. 

1.  H.  peruyiaimm,  L.  Common  Heliotrope.  Somewhat  shrubby, 
mucli  branched.  Leaves  lance-ovate  or  somewhat  oblong,  veiued 
and  much  wrinkled,  short-petioled.  Flowers  numerous,  in  a  Cluster 
of  terminal  spikes,  bluish-pui-ple  or  lavender,  very  sweet-scented,  the 
odor  not  unlike  that  of  vanilla.     Cultivated  from  Peru. 


n.    CTNOGLOSSUM,  Touzn. 

Coarse,  rough-hairy  or  silky  biennials.  Flowers  small, 
bluish-purple  or  white,  in  forked  and  usually  bractless  cymes. 
Calyx  5-parted.  Corolla  funnel-shaped,  the  mouth  closed  by 
prominent  scales,  its  lobes  obtuse.  Stamens  not  projeeting. 
Styles  stiff,  persistent.  Nutlets  4,  covered  with  hooked  or 
barbed  bristles,  attached  to  a  thickened,  conical  receptacle. 

1.  C.  ofBlcinale,  L.  Hound's-tongüe,  Sheep-lice,  Dog-bür, 
Stick-tights.  Stern  1-2  ft.  high,  soft-downy,  panicled  above. 
Root-leaves  8-10  in.  long,  long-petioled,  oblong  or  oblong-lanceo- 
late;  stem-leaves  sessile,  linear-oblong  or  lanceolate,  rounded  or 
heart-shaped  at  the  base.  Corolla  J  in.  in  diameter,  reddish-purple. 
Nutlets  ^  in.  long,  with  a  thickened  border.  Whole  plant  with  a 
strong  smell  like  that  of  mice.  A  troublesome  weed,  along  roadsides 
and  in  pastures,  introduced  from  Europe. 

2.  C.  Tirginicum,  L.  Wild  Comfrey.  Perennial.  Stern  stout, 
simple,  erect,  leafless  above,  2-3  ft.  high.  Leaves  oval  or  oblong, 
the  Upper  clasping  by  a  heart-shaped  base.  Racemes  bractless. 
Flowers  pale  blue,  on  short  pedicels,  which  are  recurved  in  fruit. 
Nutlets  not  margined,  separating  and  falling  away  at  maturity.  On 
dry  Boil. 

m.    ECHINOSPERHÜM,  Lehm. 

Annual  or  biennial  herbs,  grayish,  with  rough  hairs. 
Floyers  small,  blue  or  whitish,  racemed  or  spiked.  CoroUa 
salver-shaped,  its  throat  closed  with  5  concave  scales.    Nutlets 
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more  or  less  covered  with  prickles,  which  are  barbed  at  the 
tip,  attached  by  their  sides  to  the  base  of  the  style. 

1.  E.  yirginicum,  Lehm.  Beggar's  Lice.  A  coarse  biennial. 
2-4  ft.  high,  the  stein  much  branched  above.  Root-leaves  round bh- 
ovate  or  heart-shaped,  on  slender  petioles ;  stem-leaves  3-4  in.  long, 
pointed  at  both  ends.  Kacemes  1-3  in.  long,  terminating  the  slender, 
spreading  branches.  Flowers  small,  bluish-white.  Fruit  forming  a 
troublesome  bur.     Fence-rows  and  thickets. 


IV.    HERTENSIA,  Roth. 

Perennial  herbs.  Leaves  generally  pale,  smooth,  and  entire. 
Calyx  Short,  deeply  5-cleft  or  5-parted.  Corolla  somewhat 
trumpet-shaped  or  funnel-shaped,  often  with  5  small  folds  or 
ridges  in  the  throat,  between  the  poiuts  of  Insertion  of  the 
stamens.  Style  long  and  slender.  Nutlets  smooth,  or  at 
length  becoming  wrinkled. 

1.  M.  yirginica,  DC.  Lungwort,  Bluedells.  Smooth,  nearly 
erect,  1-li  ft.  high.  Root-leaves  large,  obovate,  or  nearly  so,  auil 
petioled;  stem-leaves  smaller,  sessile.  Flowers  clustered.  Corolla 
nearly  trumpet-shaped,  varyiiig  with  age  from  lilac  to  blue  (or  ooca- 
sionally  white).  Stamens  with  slender  filaments  projecting  beyond 
the  coroUa-tube.  Danip,  open  woods  and  banks  of  streams,  sonie- 
times  cultivated. 

V.    MYOSOTIS,  Diu. 

Low,  annual,  biennial,  or  perennial  herbs ;  stems  branching, 
erect  or  diffuse.  Leaves  alternate,  entire.  Flowers  small. 
blue,  pink,  or  white,  in  elongated,  bractless  racemes.  Calyx 
5-cleft,  the  lobes  erect  or  spreading  in  fruit.  Corolla  sal ver- 
form, 5-lobed,  the  tube  as  long  as  the  calyx,  the  throat  with 
5  small  appondages.  Stamens  5,  inserted  in  the  tube  of  tlie 
corolla,  included.  Ovary  4-parted;  style  slender.  Nutlets 
smooth  or  downy,  elliptical,  compressed.* 

1.  M.  palustris,  Withering.  Fouget-me-xot.  Perennial,  froni 
slender  rootstocks.  Stems  slender,  downy,  rooting  at  the  nodes. 
6-15  in.  long  ;  leaves  oblong  to  oVilonof-lanceolate,  obtuse»  narrowed 
to  the  sessile  base,  appressed-downy.  Racemes  many-flowered  ;  jjedi- 
cels  becoming  elonijated  in  fruit.  Lobes  of  the  calyx  shorter  than 
the  tube,  spreading  in  fruit.  Corolla  blue  with  a  yelloweye;  nut- 
lets angled,  smooth.     Common  in  gardens  and  often  naturalizeä.* 


2.  M.  laxa,  Lehm.  Small  Forget-me-not.  Annual  or  peren- 
nial ;  whole  plant  downy  ;  stein  slender,  weak,  decumbent  and  rootr 
ing  at  the  base,  1-2  ft.  long.  Lower  leaves  spatulate,  the  upper 
lanceolate.  Racemes  loosely  ilowered,  becoming  elongated  in  fruit. 
Pedicels  spreading.  Calyx  rough-hairy,  the  lobes  as  long  as  the 
tube.  CoroUa  pale  blue,  with  a  yellow  eye.  Nutlets  -convex  on  all 
sides.     On  low  ground  and  in  brooks  and  {X)nds.* 


VI.    LITHOSPERMUM,  Toum. 

Herbs,  with  stout,  usually  reddish  roots.  Flowers  appear- 
ing  axillary  and  solitary  or  eise  in  leafy-bracted  spikes. 
Corolla  funnel-shaped  or  salver-shaped,  with  or  without  folds 
or  appendages  at  the  moutli  of  the  tube  ;  the  limb  5-cleft,  its 
divisions  rounded.  Stamens  included  in  the  coroUa-tube,  the 
anthers  nearly  sessile.  Nutlets  either  smooth  or  wrinkled, 
generally  very  hard  and  bony. 

1.  L.  arvense,  L.  Corn  Gromwell.  A  rough  weed,  about  1  ft. 
high.  Leaves  narrowly  lanceolate.  Flowers  inconspicuous,  whitish 
in  the  upper  leaf  axils.  Corolla  hardly  extending  beyond  the  calyx, 
without  appendages  in  the  throat.  Xutlets  rough  or  wrinkled  and 
dull.     Sandy  bauks  and  roadsides ;  iutroduced  from  Europe. 

2.  L.  hirtum,  Lehm.  Hairy  Puccoox.  Rough-hairy,  perennial, 
1-2  ft.  high.  CoroUa  deep  orange-yellow,  with  appendages  in  the 
throat  and  clad  with  wool  within  at  the  bottom ;  flowers  handsorae, 
peduncled,  in  a  crowded  Cluster.     Dry,  open  pine  woods,  in  sandy  soil. 

3.  L.  canescensy  Lehm.  Puccoon,  Tndian  Paint.  Perennial. 
Clothed  with  soft  hairs,  8-12  in.  high.  Flowers  axillary  and  sessile. 
Corolla  appeudaged,  not  wooUy  within,  showy,  orange-yellow.  Banks 
and  open  woods. 

Vn.    ECHIÜM,  Toum. 

Herbs  or  sometiraes  shrubs,  usually  stout,  coarse,  and  hairy. 
Leaves  entire.  •  Flowers  white,  reddish-purple  or  blue,  in 
spiked  or  panicled  racemes.  Calyx  5-parted.  Corolla-tube 
cy lindrical .  or  fiinnel-shaped;  the  throat  dilated  ;  the  limb 
with  5  unequal  lobes.  Filaments  unequal,  adnate  to  the 
corolla  below,  projecting  from  the  corolla.  Style  thread-like, 
Stigma  2-lobed.     Nutlets  4,  ovoid  or  top-shaped,  wrinkled. 

1.  E.  vulgare,  L.  Blue  Thistle,  BlueWeed,  Blue  üevils, 
Sterns  1-3  ft.  high,  more  or  less  erect,  leafy,  covered  with  stinging 
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hairs.  Rootrleaves  lanceolate  or  oblong,  petioled,  4-8  in.  long; 
stem-leaves  sessile,  acute,  rounded  at  the  base.  Flowers  showy, 
reddish-purple  in  the  bud,  changing  to  bright  blue.  A  very  trouble- 
Bome  weed,  especially  in  fallow  fields.     Introduced  from  Eorope. 


86.   VSRBENACEJB.     Verbena  FaAilt. 

Herbs,  sbrubs,  or  trees.  Leaves  opposite  or  whorled,  with- 
out  stipules.  Flowers  irregulär,  in  bracted  cyines.  Calyx 
free  from  the  ovary,  cleft  or  toothed.  CoroUa  free  from  the 
ovary,  tubulär,  usually  more  or  less  2-lipped.  Stamens  usuallj 
4,  2  long  and  2  short,  inserted  on  the  corolla-tube.  Ovary 
usually  2-4-celled  (in  Phryma  1-celled),  with  the  style  spring- 
ing  from  its  summit. 

L    VERBENA,  Tourn. 

Annual  or  perennial  herbs.  Leaves  simple,  opposite,  ser- 
rate  or  pinnately  lobed.  Flowers  in  terminal  spikes  which 
become  much  elongated  in  fruit.  Calyx  tubulär,  5-ribbed, 
5-toothed.  CoroUa  salver-form  or  funnel-form,  the  tube  often 
curved,  bearded  in  the  throat,  limb  spreading,  5-lobed,  often 
somewhat  2-lipped.  Stamens  4,  2  long  and  2  short,  rarely 
only  2,  included.  Ovai-y  2-4-celled,  2-4-ovuled;  style  slen- 
der,  2-lobed.  Fruit  2-4  smooth  or  roughened,  1-seeded  nut- 
lets.  [Several  of  the  commonest  species  are  tall,  coarse  herbs 
which  blossom  too  late  for  sehool  study.]* 

1.  V.  oficinalis,  L.  European  Vervain.  Annual;  stemerect, 
slender,  nearly  or  quite  smooth^  branching,  1-3  ft.  high.  Leaves 
ovate  to  obovate  in  outline,  pinnately  lobed  or  divided,  narrowed 
and  entire  toward  the  base,  downy  beneath  ;  petioles  margined. 
Spikes  several,  very  slender;  flowers  small,  purple,  bracts  shorter 
than  the  calyx.  In  fields  and  waste  places;  introduced  from 
Europe.* 

2.  V.  angustifolia,  Michx.  Narrow-leaved  Vervain.  Peren- 
nial, rough-hairy  ;  stem  simple,  or  branched  below,  from  a  creeping 
base,  1-2  ft.  high.  Leaves  lanceolate  to  spatulate,  obtuse  and  toothed 
at  the  apex,  tapering  to  a  sessile  base.  Spike  peduncled,  slender, 
close-flowered  ;  bracts  about  the  length  of  the  calyx.  Corolla  purple, 
tube  slightly  curved,  ^  in.  long.     In  dry,  open  woods.* 
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3.  V.  Anbletia,  L.  Yerbena.  A  slender-stemmed,  somewhat 
reclining  annual,  1  ft.  or  less  in  height.  Leaves  ovate  or  nearly  so, 
wedge^haped  at  the  base,  lobed  and  toothed  or  3-cleft.  Flowers 
showy,  reddish-purple  or  lilac  (seldom  white),  in  a  peduncled  spike. 
Calyx-teeth  as  long  as  or  longer  than  the  bracts.  CoroUa  very 
slightly  bearded  in  the  throat.  In  dry  prairie  soil  and  open  woods, 
also  cultivated.  [Other  somewhat  similar  cultivated  species  are 
from  Brazil.] 

n.    CALLICARPA,  L. 

Shrubs.  Leaves  simple,  petioled,  opposite  or  whorled,  glan- 
dular-dotted.  Flowers  in  axillary  cymes.  Calyx  4-toothed  or 
entire.  CoroUa funnel-form,  4-cleft,  regulär;  stamens  4,  equal, 
projecting.  Ovary  4-ovuled ;  style  siender;  stigma  knobbed. 
Fruit  a  1-4-seeded  berry.* 

1.  C.  americana,  L.  Frexch  Mulderry,  Mexican  Mulberry. 
Shrubs,  with  star-shaped,  glandulär  or  scurfy  down,  widely  branched, 
3-8  ft.  high.  Leaves  ovate  to  oblong,  acute  at  each  end,  crenate- 
serrate,  rough  above,  downy  beneath,  glandular-dotted ;  petioles  sien- 
der. Cymes  many-flowered,  the  peduncle  aa  long  as  the  petiole, 
pedicels  short.  Calyx  cup-shaped,  the  teeth  short.  Corolla  double 
the  length  of  the  calyx,  blue.  Fruit  violet-purple,  very  conspicuous 
in  autumn.    Common  in  fields  and  thickets  S.* 

87.   LABIAT^.    Mint  Family. 

Mostly  herbs,  with  Square  stems  and  opposite,  more  or 
less  aromatic  leaves,  without  stipules.  Flowers  generally 
in  cyme-like  axillary  Clusters,  whioh  are  often  grouped  into 
terminal  spikes  or  racemes.  Calyx  tubulär,  usually  2-lipped, 
persistent.  Corolla  usually  2-lipped  (Fig.  148).  Stamens  4 
(2  long  and  2  short)  or  only  2.  Ovary  free,  with  4  deep  lobes, 
which  Surround  the  base  of  the  style.  Fruit  consisting  of  4 
nutlets,  ripening  inside  the  base  of  the  calyx. 

Stamens  4»  ^' 

(a)*  Calyx  2-lipped. 

Lips  entire.  Scutellaria,  I. 

Lips  toothed  and  cleft.     Plauts  not  aromatic. 

Brunella,  IV. 
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Lips  toothed  and   cleft.      Planta   aromatic.      Leaves 
extremely  small.  Thymus,  IX. 

(h)  Calyx  not  2-lipped,  or  not  much  so. 

Calyx  tubulär,  5-10-toothed.     Stamens  not  projecting 
from  tube  of  corolla.  Marrubium,  II. 

Calyx  tubulär,  with   5   equal  teeth.     Stamens  under 
Upper  lip  of  corolla.  Xepeta,  III, 

Calyx  tubulär,  bell-shaped,  with  5   awl-shaped  teeth. 
Stamens  not  turned  down  after  raaturing. 

Lamium,  V. 

Calyx  top-shaped,  with  spreading  spiny  teeth. 

I^onurus,  VI. 

Calyx  as  in  No.  5.     Stamens  turned  down  after  ma- 
turing.  Stachys,  ^^I, 

B. 

Stamens^.  Salvia,  VIII. 

I.    SCUTELLARU,  L. 

Mostly  slender  herbs,  not  aromatic.  Flowers  solitary  or  in 
pairs,  axillaiy  or  in  terminal  spikes  or  racemes.  (.'alyx  bell- 
shaped,  2-lipped,  the  upper  part  swollen  into  a  helniet-shaped 
pouch ;  mouth  of  the  calyx  closed  after  flowering.  CoroUa- 
tube  long,  naked  inside.  Stamens  4,  the  anthers  meeting  in 
pairs,  hairy-fringed.  Style  with  a  very  short  npper  lobe. 
[The  species  here  described  are  not  the  commonest  ones,  but 
most  of  the  others  grow  in  damp  soil  and  bloom  later.] 

1.  S.  serrata,  Andrews.  Skullcap.  Stern  not  much  branched, 
1-3  ft.  high.  Stem-leaves  serrate,  taper-pointed  at  both  ends,  ovale 
or  nearly  so.  Racemes  Single,  loose.  Calyx  rather  hairy.  Corolla 
1  in.  long,  the  lips  of  equal  length.     Woods. 

2.  S.  pilosa,  Michx.  Hairy  Skullcap.  Stern  more  or  less  hairy, 
not  much  if  at  all  branched,  1-3  ft.  high.  Leaves  a  few  distant 
pairs,  diamond-ovate,  oblong-ovate,  or  rouudish-ovate,  scalloped, 
obtuse,  the  lower  heart-shaped  or  neurly  truncate  at  the  base,  with 
long  petioles.     Racemes  short,   few-flowered.     Corolla  ^  in.  long» 
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tube  whitish,  lips  blue,  the  lower  one  rather  shorter.     Open  wood- 
lands  and  dry  soll. 

3.  S.  integrifolia,  L.  Large-flowerkd  Skullcap.  Stern  cov- 
ered  with  fine,  grayish  down,  usually  unbranched,  1-2  ft.  high. 
Leaves  lance-oblong  or  nearly  linear,  mostly  entire,  obtuse,  with  very 
Short  petioles.  Corolla  1  in.  long,  tube  pale,  lips  large  and  spread- 
ing,  blue.     Dry  ground. 

n.    MARRT7BIUH,  Totim. 

Perennial,  downy,  or  wooUy  herbs.  Whorla  of  flowers  axil- 
lary;  flowers  small;  bracts  leaf-like.  Calyx  tubulär,  5-10- 
toothed,  teeth  somewhat  spiny.  Corolla  short;  upper  lip 
ereet,  lower  spreading,  3-cleft,  the  middle  lobe  broadest. 
Stamens  4,  not  projecting.  Lobes  of  the  stigma  short  and 
blunt. 

1.  M.  Tolgare,  L.  Horehoünd.  Sterns  somewhat  reclining, 
stout,  branching,  leafy,  1-1 J  ft.  high.  Leaves  broadly  ovat«,  heart- 
shaped  or  wedge-shaped  at  the  base,  scalloped,  leathery  and  wrinkled. 
Whorls  of  flowers  deuse.  Calyx-teeth  hooked  at  the  tip.  Corolla  ^ 
in.  long,  white.  Cultivated  from  £uro|)e  as  an  herb  (used  in  prepa- 
ration  of  horehoünd  candy)  and  somewhat  naturalizea. 


m.    NEPETA,  L. 

Erect  or  prostrate  herbs.  Wliorls  of  flowers  axillary  or  ter- 
minal; flowers  blue  or  white.  Calyx  tubulär,  15-ribbed, 
5-toothed.  Corollartube  sleuder  below,  dilated  at  the  throat, 
naked ;  upper  lip  not(ilied  or  2-cleft ;  lower  lip  3-cleft,  middle 
lobe  large.  Stamens  4,  aseending  under  the  upper  lip,  the 
upper  pair  longer.     Lobes  of  the  stigma  awl-shaped. 

1.  N.  Cataria,  L.  Catnip.  Stern  grayish,  downy,  2-3  ft.  high, 
branched,  very  leafy.  Leaves  large,  ovate-heart-shaped,  deeply  scal- 
loped, serrate,  white  and  downy  beneath.  Corolla  about  j  in.  long, 
whitish  with  purple  dots.  Introduced  from  Europe;  a  common 
weed  about  dooryards. 

2.  N.  Glechoma,  Benth.  Ground  Ivy,  Gill-over-the^round, 
Creeping  Charley,  Crow-victüals,  Robin-rünaway.  Creep- 
ing. Leaves  roundish,  kidney-shaped,  and  crenate.  Corolla  bluish- 
purple,  three  times  as  long  as  the  calyx.  Introduced  from  Europe, 
common  in  damp  places  about  houses  and  gardens. 
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IV.    BRUNELLA,  Tomn. 

Perennials,  with  stems  simple  or  nearly  so,  and  sessile, 
3-flowered  flower-clusters  in  the  axils  of  kidney-shaped 
bracts,  the  whole  forming  a  spike  or  head.  Calyx  tubular- 
bell-shaped,  somewhat  10-ribbed,  upper  lip  broad,  3-toothed. 
the  teeth  short,  lower  lip  with  2  longer  teeth.  Upper  lip  of 
the  corolla  upright,  arched,  and  entire,  the  lower  spreading^ 
reflexed,  fringed,  and  3-cleft.  Stamens  4,  reaching  up  under 
the  Upper  lip,  with  the  tips  of  the  filaments  2-toothed,  only 
one  tooth  anther-bearing. 

1.  B.  vulgaris,  L.  Srlf-heal,  Heal-all,  Carpentkr-weed. 
Leaves  with  petioles,  ovate-oblong,  either  entire  or  toothed,  oft4?u 
somewhat  hairy.  Corolla  usually  blue  or  bluish,  somewhat  longer 
than  the  brown-purple  calyx.     Open  woods  and  fields  everywhere. 

V.    LAMIUM,  L. 

Annual  or  perennial  hairy  herbs.  Calyx  tubiilar-bell- 
shaped,  5-veined,  with  5  awl-pointed  teeth  of  nearly  equal 
length.  Corolla  with  dilated  throat,  npper  lip  arched,  middle 
lobe  of  the  lower  lip  notched,  the  lateral  lobes  small,  close  to 
the  throat  of  the  corolla.  Stamens  4,  risiug  beneath  the 
Upper  lip. 

1.  L.  amplexicanle,  L.  IIex-bit,  Dead  Nettle.  An  annual  or 
biennial  weed.  Leaves  roundish,  deeply  scalloped,  the  lower  ones 
petioled,  the  upper  sessile  and  clasping.  Corolla  sometimes  J  in. 
long,  downy,  rose-colored  or  purplish.  Introduced  from  Curope; 
not  uncommon  about  gardens  and  dooryards. 

2.  L.  purpureum,  L.  Stem  6-18  in.  high»  silky-hairy  or  nearly 
smooth,  reclining  below,  branched  from  the  base.  Leaves  long-peti- 
oled»  obtuse,  heart-shaped,  scalloped.  Whorls  of  flowers  raostly 
terminal,  crowded.  Corolla  ^-}  in.  long,  purple  (rarely  white). 
Introduced  from  Europe. 

VI.    LEONTJRUS,  L. 

Erect  herbs.  Leaves  lobed.  Whorls  of  flowers  axiUary, 
densely  flowered,  scattered  j  bractlets  awl-shaped;  flowers 
small,  pink  or  white.  Calyx  5-nerved,  top-shaped,  with  5 
rather  spiny,  spreading  teeth.     Corolla  with  upper  lip  erect 


and  entire,  lower  3-cleft.    Stamens  4 ;  anthers  joined  in  pairs. 
Nutlets  with  3  projecting  angles,  their  sides  channeled. 

1.  L.  cardiaca,  L.  Motherwort.  Stem  2-4  ft.  high,  prominently 
angled,  atiff,  stout,  upright,  very  leafy.  Leaves  palmately  lobed  or 
cleft ;  radical  ones  long-petioled ;  lower  stem-leaves  many-cleft,  the 
Upper  ones  3-cle£t,  prominently  nerved,  the  divisions  acute.  Corolla 
^  in.  long,  pale  rose-color,  the  upper  lip  and  outside  of  the  tube 
densely  soft-bearded.  Common  about  dooryards  and  fence-rows. 
Introduced  from  Europe. 


Vn.    STACHTS,  Tourn. 

Herbs,  rarely  shrubs.  Leaves  scalloped  or  Senate.  Whorls 
of  flowers  2  or  more  flowered,  usually  in  terminal  racemes. 
Calyx  nearly  bell-shaped,  5-toothed.  CoroUartube  cylindrical, 
usually  with  a  ring  of  hairs  inside,  not  dilated  at  the  throat ; 
Upper  lip  erect  or  spreading;  lower  spreading,  3-lobed,  the 
middle  lobe  largest.     Stamens  4,  the  2  lower  longest. 

1.  S.  palustris,  L.  Perennial ;  stem  erect,  4-angled,  2-3  ft.  High, 
hairy,  especially  on  the  angles,  with  projecting  or  reflexed  hairs, 
leafy.  Stem-leaves  short-petioled  or  sessile,  ovate-lanceolate  or 
oblong-lanceolate,  scalloped-serrate,  coarsely  or  finely  downy,  round- 
ish  at  the  base,  rather  obtuse  at  the  tip.  Calyx  bristly,  the  lance- 
awl-shaped  teeth  rather  spiny.  Upper  lip  of  the  corolla  downy.  In 
wet  soll,  especially  N. 

2.  S.  aspera,  Michx.  Taller  than  Xo.  1 ;  angles  of  the  stem  covered 
with  stiff  reflexed  bristles,  but  the  sides  often  sniooth.  Leaves  ser- 
rate,  nearly  all  with  distiiict  petioles.  Calyx  usually  smooth.  Corolla 
smooth  throughout.     Damp  thickets  and  along  streams. 


Vm.    SALVIA,  L. 

Annual,  biennial,  or  perennial  herbs,  or  sometimes  shnibby. 
Flowers  in  spikes,  racemes,  or  panicles,  usually  showy.  Calyx 
tubulär  or  bell  shaped,  not  bearded  in  the  throat,  2-lipped, 
the  Upper  lip  entire  or  3-toothed,  the  lower  2-cleft.  Corolla 
2-lipped,  the  upper  lip  entire  or  notclied,  the  low^er  spread- 
ing, 3-lobed,  with  the  middle  lobe  longer.  Stamens  2,  short, 
anthers  2-celled,  the  upper  cell  fertile,  the  lower  imperfect. 
Style  2-cleft.     Nutlets  smooth.* 
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1.  8.  lyrata,  L.  Lyre-leayed  Salvia.  Biennial  or  perennial; 
atem  erect»  sparingly  branched  above,  rough-hairy,  1-2  ft-  higL 
Leaves  mostly  basal,  spreading,  lyrate-pinnati£d,  usually  purple, 
stem-leaves  small,  sessile  or  short-petioled.  Racemes  many-flowered, 
whorls  about  6-flowered.  Caljrx-teeth  short  on  the  upper  lip,  long 
and  awl-shaped  ou  the  lower.  Corolla  blue  or  purple,  the  tube 
about  1  in.  long,  dilated  upward.     On  dry  soll.* 

2.  S.  officinalis,  L.  Garden  Sage.  Stern  shrubby,  elender,  mnch 
branched  below,  1  ft.  high.  Leaves  grayish-green,  lance-oblong,  cre- 
nate,  wrinkled.  Flowers  in  terminal  spikes,  whorls  several-flowered- 
CoroUa  blue,  upper  lip  strongly  arched,  about  equaling  the  lower. 
Introduced  from  Europe  and  a  common  garden  herb.» 

IX.    THYMUS,  L. 

Small,  much-branched  shrubs,  very  aromatic.  Leaves  small. 
entire,  margins  often  rolled  imder.  Whorls  of  flowers  few- 
flowered,  in  loose  or  close  spikes ;  bracts  very  small ;  flowers 
usually  purple.  Calyx  ovoid,  2-lipped,  upper  lip  3-toothed, 
lower  2-cleft,  woolly  in  the  throat.  Corolla  slightly  2-lipped. 
Stamens  4,  usually  projeeting  from  the  flower,  straight,  lower 
pair  longer. 

1.  T.  Serpyllum,  L.  Creeping  Thyme.  Smooth  or  hairy,  stem 
prostrate,  tlie  flowering  branches  somewhat  ascending.  Leaves  ^^ 
in.  long,  flat,  ovate  or  obovate-lanceolate,  obtuse.  Flowers  crowded 
in  spikes  at  the  end  of  the  branches.  Corolla  rose-purple,  ^J  in. 
long.     Becoming  introduced  from  Europe. 

2.  T.  vulgaris,  L.  Garden  Thyme.  More  erect  than  No.  1. 
Leaves  somewhat  curled  under  at  the  edges.  Flower-clusters  shorter 
and  not  all  terminal.  Corolla  i)ale  purple.  Cultivated  from  Europe 
as  an  herb. 

88.   SOLANAC£iB.     Nightsuade  Family. 

Mostly  tropical  herbs  or  shrubs  (rarely  trees).  Leaves 
usually  alternate,  wdthout  stipules.  Flowers  regulär,  bome 
on  bractless  pedicels  at  or  above  the  leaf  axils,  or  in  cymes. 
Calyx  free  from  the  ovary,  5-cleft,  usually  persistent.  Corolla 
hypogynous,  wheel-shaped,  hell-shaped,  or  salver-shaped,  5- 
lobed.  Stamens  5,  short,  inserted  on  the  coroUa-tube.  Ovary 
2-celled  or  imperfectly  4-celled ;  style  simple ;  stigma  simple 
or  lobed.     Fruit  a  many-seeded  capsule  or  berry. 
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I.    LYCIUM,  L. 

Shrubs  or  woody  vines,  often  spiny.  Leaves  entire,  alter- 
nate,  often  fascicled.  Flowers  solitary  or  clustered,  terminal 
or  axillary.  Calyx  persistent,  4-5-lobed  or  toothed,  not  en- 
larged  in  fruit.  Corolla  funnel-form  or  liell-shaped,  the  limb 
4-5-lobed,  the  lobes  obtuse.  Stamens  4-5,  projecting.  Ovary 
2-celled;  style  Single;  stigma  obtuse.  Fruit  a  many-seeded 
berry.* 

1.  L.  Tolgarey  Danal.  Matrimony  Vixe.  Stein  slender,  branch- 
ing,  twining  or  trailing,  6-15  ft.  long;  branches  angled,  spiny. 
Leaves  eUiptical,  smooth,  entire,  sessile,  or  short-petioled.  Flowers 
solitary  or  few  in  the  axils ;  peduncles  long  and  slender.  Corolla 
spreading,  greenish-purple,  ^-^  in.  wide.  Berry  oval,  orange-red. 
Introduced  f rom  Airica,  and  often  planted  for  covering  trellises.* 


n.    SOLANUM,  Tourn. 

Herbs  or  shrubs ;  stems  often  prickly,  sometimes  climbing. 
Leaves  altemate,  often  nearly  or  quite  opposite.  Flowers 
clustered,  the  peduncles  often  opposite  or  above  the  axils. 
Calyx  spreading,  5-toothed  or  5-cleft,  persistent.  Corolla 
wheel-shaped,  5-lobed.  Stamens  5,  projecting,  the  filaments 
very  short,  the  anthers  long  and  meeting  about  the  style. 
Ovary  2-celled;  style  slender.  Fniit  a  many-seeded,  juicy 
berry.* 

1.  S.  Dolcamara,  L.  Bittekswekt.  Perennial.  Stems  rather 
shrubby,  long,  and  climbing.  Leaves  heart^haped,  or  some  of  them 
with  irregulär  lobes,  or  ear-like  leaflets  at  the  base.  Flowers  blue 
or  purple,  somewhat  cymose.  Benies  showy,  of  many  shades  of 
orange  and  red  in  the  same  Cluster,  according  to  their  maturity. 

2.  S.  nigrom,  L.  Nightshade.  Annual;  stem  smooth,  or 
downy  with  simple  hairs,  erect,  diffusely  branched ;  branches  wing- 
angled,  1-3  ft.  high.  Leaves  ovate,  irregularly  toothed  or  entire, 
somewhat  inequilateral,  petioled.  Flowers  in  lateral,  peduncled  um- 
bels,  small,  white,  drooping.  Calyx-lobes  obtuse;  corolla  ^J  in. 
wide;  filaments  downy;  berries  globose,  smooth,  black  when  ripe. 
Common  in  cultivated  fields  and  waste  places.* 

3.  S.  carolinense,  L.  Horse  Xettle.  Perennial;  stem  erect, 
branched,  downy  with  star-shaped  hairs,  armed  with  straight,  yellow 
prickles,  1-3  ft.  high.    Leaves  ovateK>blong,  deeply  toothed  or  lobed, 
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acute  at  the  apex,  abruptly  contracted  to  the  short  petiole,  prickly 
on  the  veins.  Racemea  lateral,  few-flowered;  pedicels  recurved  in 
fruit.  Calyx-lobes  taper-pointed.  Corolla  deeply  angular-lol>ed, 
blue  or  white;  berry  globose,  sinooth,  yellow.     A  common  weed.* 

4.  S.  roatratumy  Dunal.  Sand  Bur,  Buffalo  Bur.  Annual ; 
the  whole  plant  beset  with  yellow  prickles ;  stem  erect,  diff  usely 
branched,  1-2  ft.  high.  Leaves  broadly  oval  or  ovate  in  outline, 
deeply  pinnately  lobed  or  parted,  petioled,  downy,  with  star-shaped 
hairs.  Racemes  few-flowered;  pedicels  erect  in  fruit.  Calyx  ver}* 
prickly,  becoming  enlarged  and  enclosing  the  fruit.  Corolla  bright 
yellow,  5-angled,  about  1  in.  broad.  Tntroduced  from  the  West, 
and  becoming  a  troublesonie  weed  in  some  places.* 

5.  S.  tuberosum,  L.  Irish  Potato.  Annual;  stem  difFusely 
branched,  downy,  Underground  branches  numerous  and  tuber-bearing. 
Leaves  irregularly  pinnatifid  and  divided.  Flowers  in  cymose  Clus- 
ters, white  or  purple,  with  prominent  yellow  anthers ;  pedicels 
jointed.  Corolla  5-angled,  {-1  in.  broad.  Fruit  a  globose,  greenisb- 
yellow,  many-seeded  berry,  about  J  in.  in  diameter.  Cultivated  from 
Chili.» 

m.    LTCOPERSICUM,  Toum. 

Annual ;  stem  diffusely  branched.  Leaves  pinnately  divided. 
Flowers  in  raceme-like  Clusters  on  peduncles  opposite  the 
leaves.  Calyx  ö-many-parted,  persistent.  Corolla  wheel- 
shaped,  ö-6-parted.  Stamens  5-6,  inserted  in  the  short  tube 
of  the  corolla,  filaments  short,  anthers  elongated.  Ovary 
2-several-celled,  style  and  stigma  simple.  Fruit  a  many- 
seeded  berry.* 

1.  L.  esculentum,  Mill.  Tomato.  Stom  diffusely  branched,  at 
length  leaning  over,  furrow^ed  and  angled  l)elow,  sticky-hairy,  3-Ö 
ft.  long.  Leaves  irregularly  lobed  and  pinnatifid,  petioled.  Calyx- 
lobes  linear,  about  as  long  as  the  yellow  corolla.  Fruit  (in  the  wild 
State)  globose  or  ovoid,  red  or  yellow,  ^-^  in.  in  diameter,  but  greatly 
enlarged  in  cultivation.  Coniinou  in  cultivation  from  tropical 
America.* 

IV.    DATTJRA,  L. 

Annual  or  perennial,  strong-scented  herbs ;  stems  tall  and 
branching.  Leaves  petioled,  entire  or  lobed.  Flowers  large,  soli- 
tary  in  the  forks  of  the  branches.  Calyx  tubulär,  5-toothed 
or  lobed,  the  upper  part  deciduous  and  the  lower  persistent. 
Corolla  funnel-form,  5-angled.     Stamens  5,  inserted  in  the 
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coroUartube.  Ovary  2-celled  or  imperfectly  4-celled  ;  style 
filiform  ;  stigma  2-lobe(l.  Fruit  a  spiny,  4-valved,  many-seeded 
capsule.* 

1.  D.  Stramonium,  L.  Jimson-weed.  Annual ;  stein  smooth, 
green,  stout,  forkin g  above,  1-4  ft.  high.  Leaves  ovate  to  oblong- 
ovate,  acute  at  tlie  aj)ex,  narrowed  at  the  base,  sinuate-toothed, 
petioled.  Calyx  5-angled.  Corolla  white,  about  4  in.  long.  Capsule 
ovoid,  erect,  2  in.  long.  A  common  weed  ;  poisonous.  Introduced 
from  Asia.* 

2.  D.  Tatula,  L.  Taller,  with  a  purplß  stem.  Flowers  rather 
later  than  No.  1 ;  corolla  violet-tinged. 

V.    PETUWIA,  JuM. 

Herbs ;  leaves  alternate  and  entire.  Divisions  of  the  calyx 
oblong-spatulate.  Corolla  showy,  spreading  funnel-shaped, 
not  perfectly  regulär.  Stamens  5,  somewhat  unequal  in 
length,  inserted  in  the  middle  of  the  corolla-tube  and  not 
projecting  beyond  it.  Capsule  2-eelled,  containing  many  very 
small  seeds. 

1.  P.  violacea,  Lindl.  Common  Petunia.  Sterns  rather  weak 
and  reclining.  Leaves  covered  with  clammy  down.  Corolla  vary- 
ing  from  pale  pink  to  bright  purplish-red,  often  variegated,  with 
a  broad,  inflated  tube,  which  is  hardly  twice  as  long  as  the  calyx. 
Cultivated  annual  from  South  America. 

2.  P.  nyctaginifloray  Juss.  White  Petunia.  Leaves  somewhat 
petioled.  Tube  of  corolla  long  and  slender.  Flowers  white.  Culti- 
vated from  South  America.  This  and  the  preceding  species  much 
mixed  by  hybridization. 


89.   SCROPHULARIACEiB.     Figwort  Family. 

Mostly  herbs,  with  irregulär  flowers.  Calyx  free  from  the 
ovary  and  persistent.  Corolla  2-lipped  or  otherwise  more  or 
less  irregulär.  Stamens  usually  2  long  and  2  short,  or  only 
2  in  all,  inserted  on  the  corolla-tube,  often  1  or  3  of  them 
imperfectly  developed.  Pistil  consistiug  of  a  2-celled  and 
usually  many-ovuled  ovary,  with  a  Single  style  and  an  entire 
or  2-lobed  stigma. 
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Corolla  wheel-shaped,  stamens  5.  Yerbaflcnm,  1. 

Corolla  wheel-ehaped  or  salver-«haped,  nearly  regulär,  stamens  2. 

Veronica,  VI. 

Corolla  2-lipped,  the  mouth  closed  by  a  palate,  tubulär  below,  a 

spur  at  the  base.  Linaria,  IL 

Corolla  2-lipped,  the  mouth  closed  by  a  palate,  tubulär  below,  a 

Short,  broad  pouch  at  the  base.  Antirrhinum,  III. 

Corolla  decidedly  2-lipped. 

Stamens  with  anthers  2.  Gratiola,  V. 

Stamens  4,  with  a  fifth  antherless  filament.        Pentstemon,  r\\ 
Stamens  4,  the  anther-cells  unequal.  Castilleia,  VII. 

Stamens  4,  the  anther-cells  equaL  Pedicularis,  VIII. 

I.    VERBASCUM,  L. 

Biennial ;  stem  tall,  erect.  Leaves  altemate.  Flowers  in 
Spikes,  racemes  or  panicles.  Calyx  deeply  5-cleft.  Corolla 
wheel-shaped,  5-lobed,  the  lobes  nearly  equal.  Stamens  o. 
unequal,  declined,  some  or  all  of  the  filaments  bearded. 
Style  flattened  at  the  apex.  Fruit  a  globose  capsule  ;  see<ls 
rougliened.* 

1.  V.  Blattaria,  L.  Moth  Mullein.  Stem  erect,  slender,  sim- 
ple or  sparingly  branched,  smooth  below,  downy  above,  2-4  ft.  high. 
Leaves  oblong  to  lanceolate,  acute  at  the  apex,  obtuse  or  truncate  at 
the  base,  dentate  to  pinnately  lobed,  the  lower  petioled,  the  upfier 
sessile  and  clasping.  Racenie  long  and  loose,  glandolar-^oMrny. 
pedicels  bracted.  Corolla  white  or  yellow,  marked  with  brown  on 
the  back,  about  1  in.  wide.  Filaments  all  bearded  with  purple 
hairs.  Capsule  longer  than  the  calyx.  Common  in  fields  and  waste 
places  ;  introduced  from  EuTope.* 

n.    LINARIA,  Toam. 

Herbs,  rarely  shrubby.  Lower  leaves  opposite,  whoried  or 
altemate.  Flowers  in  bracted  racemes  or  spikes  or  axillarj 
and  solitary.  Calyx  5-parted.  Corolla  2-lipped,  the  tube 
spurred.  Stamens  4,  with  sometimes  a  rudiment  of  a  fifth. 
Stigma  notched  or  2-lobed.  Capsule  ovoid  or  globose ;  cells 
nearly  equal. 


■  J '  I !  - .  h  fl OA^^ ert.*d ,     8e pals  sl 1 1  ( rter  th m\  t  h e  sp ii r, 
^-1  in.  long  ;  «pur  paralM  t^)  and  as  Unig  na  the 


wliorleJ,     lluce 

Corolln  yellow^ 

tub«  \  throat  closed  by  a  palale-ljbe  ioUh    Coijitjj«»»!  iu  dry  fielda  and 

pastures  and  alonjr  roadtiides :  iiilrodact-d  from  Kurope* 

2*  L.  canadensiÄj  Dümont.  Toau-vlaü.  Biennial ;  flowenng 
Ht«imB  erect»  ölender,  rarely  liranched,  aniooth,  1-2  ft,  high,  »terile 
Sterns  proatrate^  with  oi>püsite  or  ^liorled  leaves,  2-15  In.  long. 
Leavea  linear,  entirt%  sessile.  Racemes  erect,  »Unifl«r  ;  j>^*diceis 
erect,  as  long  as  tln»  calyx.  CorolU  srnall,  Mac*  and  white,  the  spur 
tiiread-like^  curved,  loüger  than  the  pedicels,  Capaule  2-valved,  the 
valvea  Ü-t«othed.     On  dry  or  eultivated  ground  E. 


ra.     ANTlRRHINirM,  Toara. 

AniiTial  or  perennial  herbs,  Leaves  eTitire,  rarely  lobetl^ 
the  lower  ones  opposite,  the  npper  altern  ate.  Flowers  axillary 
and  solitary  or  racemed  and  bracted.  Calyx  ß-partetU 
CoroUa  2-lipped.  The  tube  with  a  sac,  the  broad  bearded 
palate  closing  the  throat,  Stamens  4,  Stigma  with  2  short 
lobes.  Capsule  2-celled,  the  npper  cell  openiiig  by  1  pore, 
the  lower  by  2. 

1.  A.  majoa,  L.  Snafdraoox.  FerennmU  »tc^m  erect,  amooth 
below,  g!andnlar<lowny  above,  1-2  ft*  liigb.  Leaves  linear  tu 
oblongdanceolate»  entire,  sniooth,  BOnieÜnies  fleshy,  ßesaile  or  short- 
petioled.  Flowers  in  a  terminal  rat^eme  ;  pedicels  short,  »tont, 
erect  in  fruit,  Corolla  1^-2  in.  long,  <if  luany  colors*  Capsuk 
oblique^  the  persistent  base  of  the  style  beut  forward.  Common  in 
gardens,  cultivatcd  from  Knrop**,  and  ofteu  escafied.* 


rv.     PENTSTEMON,  Mitchell. 

Pereniiials*  the  stems  branc^hing  froni  the  base,  unbranched 
aboYe.  Leaves  opposite*  Flowera  uaually  showy  in  a  termi- 
nal paiiiule-  (.'alyx  of  5  nearly  distini^t  sepaLs.  Corolla 
tubulär,  the  tube  wide  above  and  narrowed  below ;  2-lipped. 
Stajuens  4,  2  long  and  2  short,  with  a  fifth  autht^rless  filament 
aÄ  long  as  the  others,  its  Upper  half  bearded.  Capsule  ovoid, 
acute. 

1,  P*  pubescana,  SoUnder,  Stera  somewhui  sticky-dowiiy,  1-2 
ft,  high.     Leave»  varying  from  oblong  W  knceoliite,  2-4  hu  long, 
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usually  with  small  teeth.  Flower-cluster  narrow.  Corolla  dingy 
violet,  purplish,  or  whitish,  the  tube  not  much  widened  alKJve,  its 
throat  nearly  closed  hj  a  hairy  palaie.  Sterile  filament  much 
bearded.     Dry  hillsides  or  stony  ground. 

2.  P.  laerigatus,  Solander.  Stern  usually  smooth  except  the 
flower-cluster,  2-4  ft.  high.  I^eaves  shining,  those  of  the  stem 
ovate-lanceolate  or  broadly  lanceolate,  2-5  in.  long,  with  a  somewhat 
heart^haped  clasping  base.  Flower-cluster  broader  than  in  Xo.  1. 
CoroUa  white  or  of  teuer  purplish,  suddenly  widened  abore,  the  throat 
not  closed.  Sterile  filament  slightly  bearded  toward  the  top.  In 
rieh  Boil. 

3.  P.  barbatusy  Nutt.  Sterns  slender  and  rod-like,  3-4  ft.  high. 
Leaves  lanceolate,  entire.  Flower-cluster  long  and  loosely  flowered. 
Flowers  showy,  drooping.  CoroUa-tube  slender,  scarlet,  somewhat 
bearded  in  the  throat.  Sterile  filament  beardless.  Cultivated  from 
Mexico. 

V.    GRATIOLA,  L. 

Low  herbs  growing  in  wet  or  damp  ground.  Leares  oppo- 
site,  sessile.  Flowers  axillary  and  solitary,  peduncled.  Calyx 
5-parted,  usually  with  2  bractlets  at  the  base.  CoroUa  some- 
what  2-lipped.  Perfect  stamens  2.  Stigina  enlarged  or 
2-lipped.     Pod  4-valved,  many-seeded. 

1.  G.  virginiana,  L.  Stern  cylindrical,  4-10  in.  long,  branching 
from  the  base.  I^eaves  J-lJ  in.  long,  vai*ying  from  lance-oblong  to 
spatulate.  Corolla  pale  yellow,  tinged  with  red.  Common  in  muddv 
soil,  along  brooksides,  etc. 


VU    VERONICA,  Toum. 

Herbs  or  shrubs.  Lower  leaves  or  all  the  leaves  opposito, 
rarely  whorled.  Flowers  in  axillary  or  terminal  rac^emes, 
rarely  solitary.  Calyx  usually  4-parted.  Corolla  wheel- 
shaped  or  somewhat  bell-shaped;  limb  usually  4-cleft,  spread- 
ing,  the  side  lobes  commonly  narrower.  Stamens  2,  inserted 
on  the  corolla^tube  at  the  sides  of  the  upper  lobe,  projecting. 
Stigma  somewhat  knobbed.  Capsule  generally  flattened,  often 
notched  at  the  apex,  2-celled,  few-many-seeded. 

1.  V.  americana,  Schweinitz.  Brooklime.  A  perennial  smooth 
herb,  somewhat  prostrate  below,  but  the  upper  parts  of  the  stem 
erect,  8-15  in.  high.     Leaves  1-2  in.  long,  lance-ovate  or  oblong, 
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serrate,  short-petioled.  Raceraes  2-4  in.  long,  axillary  and  opposite. 
CoroUa  -wheel-shaped,  blue.  Capsule  swollen,  roundish.  Muddy 
soll  about  Springs  and  brooks. 

2.  V.  officinalis,  L.  Common  Spkedwell,  Gypsy  Wekd. 
Perennial.  Roughish-downy,  with  the  prostrate  stems  spreading 
and  rooting.  Leaves  wedge-oblong  or  nearly  so,  obtuse,  serrate, 
somewhat  petioled.  Racemes  dense,  of  many  pale  bluish  flowers. 
Capsule  rather  large,  inversely  heart-shaped  and  somewhat  trian- 
gulär.    Dry  hillsides,  open  woods  and  fields. 

3.  V.  serpyllifolia,  L.  Thyme-leaved  Speedwell.  Perennial. 
Sraooth  or  nearly  so ;  branching  and  creeping  below,  but  with  nearly 
simple  ascending  shoots,  2-4  in.  high.  Leaves  slightly  crenate,  the 
lowest  ones  petioled  and  roundish,  those  farther  up  ovate  or  oblong, 
the  uppermost  ones  mere  bracts.  Raceme  loosely  flowered.  Corolla 
nearly  white  or  pale  blue,  beautif ully  striped  with  darker  lines ;  cap- 
sule inversely  heart-shaped,  its  width  greater  than  its  length.  Damp 
grassy  ground  ;  a  common  weed  in  lawns. 

4.  V.  peregrina,  L.  Purslane  Speedwell.  A  homely,  rather 
fleshy,  soinewhat  erect-branched  annual  weed,  4-9  in.  high.  Lowest 
leaves  petioled,  oblong,  somewhat  toothed,  those  above  them  sessile, 
the  uppermoiat  ones  broadly  linear  and  entire.  Flowers  solitary, 
inconspicuous,  whitish,  barely  pediceled,  appearing  to  spring  from 
the  axils  of  the  small  floral  leaves.  Corolla  shorter  than  the  calyx. 
Roundish,  barely  notched,  many-seeded.  Common  in  damp  ground, 
in  fields  and  gardens. 

Vn.    CASTILLEIA,  Mutis. 

Herbs  parasitic  on  the  roots  of  other  plants.  Leaves  alter- 
nate ;  the  floi*al  ones  usually  colored  at  the  tip  and  more  showy 
than  the  flowers.  Flowers  yellow  or  purplish  in  terminal 
leafy  spikes.  Calyx  tubulär,  flattened,  2-4-cleft.  Corolla-tube 
included  within  the  calyx;  upper  lip  of  the  corolla  very  long, 
linear,  arched,  and  enclosing  the  stamens,  2  of  which  are  long 
and  2  short.     Ovary  many-ovuled. 

1.  C.  coccinea,  Sprengel.  Scarlet  Painted  Cup,  Paint-brüsh, 
Indian  Pixk,  Prairie  Fire,  Wickakee.  A  hairy,  simple-stemmed 
herb.  Annual  or  biennial.  RooMeaves  clustered  obovate  or  oblong. 
Stem-leaves  cut ;  floral  leaves  3-5  cleft  and  bright  scarlet  (occasion- 
ally  yellow)  toward  the  tips,  as  though  dipped  in  a  scarlet  dye.  Calyx 
nearly  as  long  as  th^  pale  yellow  corolla,  2-cleft.  The  spikes  are 
often  very  broad,  raaking  this  one  of  the  most  conspicuous  of  our 
native  flowers.  Damp,  sandy  gromid,  or  on  bluffs  near  streams; 
sometimes  in  marshes. 
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Vm.    PSDICÜLARIS,  Tonrn. 

Perennial  herbs,  with  the  Iower  leaves  pinnately  cut  and 
the  floral  ones  reduced  to  bracts.  Flowers  spiked.  CoroUa 
markedly  2.1ipped;  the  upper  lip  much  flattened  laterally  and 
arched,  the  Iower  lip  spreading,  3-lobed.  Stamens  4,  beneath 
the  Upper  lip.  Capsule  2-eelled,  tipped  with  an  abrupt  point, 
several-seeded. 

1.  P.  canadensis,  L.  Common  Lousewort.  Hairy,  with  cliis- 
tered  simple  stems,  1  ft.  high  or  leas.  Leaves  petioled,  the  Iower. 
most  ones  pinnately  parted,  the  others  somewhat  pinnately  cut ;  spike 
short,  cloaely  flowered  and  leafy-bracted ;  calyx  split  down  the  front ; 
corolla  greenish-yellow  and  purplish,  with  its  upper  lip  hood-like, 
curved  under,  and  with  2  awl-like  teeth  near  the  end ;  capsule  flat, 
broadly  sword^haped.     Enolls  and  openings  among  thickets. 


90.   BI6N0NIACEA.     Bignonia  Family. 

Trees  or  shrubs,  often  twining  or  climbing,  rarely  herbs. 
Leaves  usually  opposite,  without  stipules.  Flowers  showy, 
irregulär.  Corolla  tubulär,  with  a  widened  throat  and  a 
5-lobed  limb.  Stamens  usually  2  long  and  2  short,  or  only  2. 
Ovary  free  from  the  calyx,  2-celled  or  rarely  l-ceUed,  with 
many  ovules.     Fruit  a  capsule;  seeds  large,  winged. 

I.    BIGNONIA,  Toani. 

Woody  vines.  Leaves  opposite,  Compound,  usually  ten- 
dril-bearing.  Flowers  large,  in  axillary  Clusters.  Calyx 
cup-shaped,  truncate,  or  undulate-toothed.  Corolla  spreading- 
tubulär,  somewhat  2-lipped,  the  lobes  rounded.  Stamens  4, 
2  long  and  2  short.  Capsule  linear,  flattened  parallel  with 
the  partition,  the  two  valves  separating  from  the  partition  at 
maturity.     Seeds  flat,  broadly  winged.* 

1.  B.  capreolata,  L.  Gross- vine.  Stern  climbing  high,  a  trans- 
verse  section  of  the  older  stems  showing  a  conspicuous  cross  formed 
by  the  4  medullary  rays;  branches  smooth.  Leaves  evergreeii. 
petioled  ;  leaflets  2,  ovate,  taper-pointed  with  a  blunt  apex,  heart- 
shaped  at  the  base,  entire,  stalked,  upper  leaflets  transformed  into 


branching  tendrils.  Flowers  numerous,  short-peduncled.  C 
2  in.  long,  reddish-brown  without,  yellow  within.  Capsule 
long,  flat,  the  valves  >vith  a  prominent  central  nerve.  Seeds  b 
winged  on  the  sides,  short-winged  on  the  ends.    Com  mon  ia  woo« 

n.    TEC0MA,jD88. 

Woody  vines,  climbing  by  aerial  rootlets.  Leaves 
pound,  odd-pinnate.  Flowers  large,  in  terminal  clu 
Calyx  bell-shaped,  unequally  5-toothed.  CoroUa  funnel- 
enlarged  above  the  calyx,  5-lobed,  slightly  2-lipped.  Sta 
4,  2  long  and  2  short.  Capsule  slender,  spindle-sh 
slightly  compressed  contrary  to  the  partition,  2-valved,  ( 
Cent.     Seeds  winged.* 

1.  T.  radicans,  Juss.  Trümpet  Flower,  Trümpet  Cre 
Sterns  climbing  high  by  numerous  rootlets,  bark  shreddy.  I 
deciduous,  petioled;  leaflets  9-11,  ovate  to  ovate-lanceolate,  8( 
short-fitalked,  smooth  or  slightly  downy.  Flowers  in  short,  ter 
racemes  or  corymbs.  Calyx  tubulär,  }  in.  long.  Corolla  2-3  in 
scarlet  without,  yellow  within,  the  lobes  spreading.  Capsul 
in.  long,  curved,  often  persistent  througli  the  winter.  Seeds  bi 
winged.     On  borders  of  fields  and  in  woods  S. ;  often  cultivat 

m.    CATALPA,  Scop.,  Walt. 

Small  trees.  Leaves  large,  opposite,  simple,  petioled,  c 
uous.  Flowers  large  and  showy,  in  terminal  panicles.  ( 
irregularly  2-lipped.  Corolla  tubular-bell-shaped,  ob! 
5-lobed,  2-lipped.  Fertile  stamens  2,  sterile  stamens  3,  g 
Fruit  a  linear,  2-valved,  many-seeded  capsule.    Seeds  win; 

1.  C.  bignonioides,  Walt.  Catalpa.  A  small  tree  with 
rough,  gray  bark  and  light,  soft,  but  exceedingly  durable  ' 
Leaves  long-petioled,  heart-shaped,  entire  or  pahnately  3-lobed, 
pointed  at  the  apex,  palmately  veined,  downy.  Brauches  c 
panicle  in  threes  ;  flowers  large,  1-lJ  in.  long,  white,  varie 
with  yellow  and  purple.  Corolla  lobes  undulate  or  crisped.  Ca 
very  slender,  1  ft.  or  more  in  length,  pendulous.  Seeds  with 
fringed  wings.  On  margins  of  rivers  and  swamps  S., 
cultivated.* 

2.  C'  speciosa,  Warder.  Catalpa.  A  tall  tree  with  very  du 
wood.  Leaves  large,  heart-shaped,  taper-pointed.  Corolla  i 
2  in.  long,  almost  white,  but  slightly  spotted  ;  tube  inversely  coi 


91.   OROBANCHACEA.     Broom-rape  Familt. 

Leafless  bfownish  root-parasites.  Rootstock  often  tuberous^ 
naked  or  scaly.  Stein  usually  stout,  solitary,  scaly.  Flowers 
spiked  or  racemed.  Sepals  4-5,  free  from  the  ovary.  Corolla 
hypogynous,  in-egular,  the  tube  curved;  the  limb  2-lipped. 
Stamens  4,  2  long  and  2  short,  inserted  on  the  corolla-tube ; 
anthers  2-celled,  the  cells  spurred  at  the  base.  Ovary  1-celled, 
of  2  carpels,  style  simple,  stigma  2-lobed ;  ovules  many.  Cap- 
sule  1-celled,  2-valved,  f ew-many-seeded ;  seeds  very  small. 

I.    CONOPHOLIS,  Wallioth. 

Sterns  often  clustered,  stout,  covered  with  scales  which 
overlap,  the  uppermost  ones  each  with  an  axillary  flower, 
thus  forming  a  spike.  Calyx  irregularly  4-5  cleft,  split  down 
the  lower  side.  Corolla  swoUen  below,  decidedly  2-lipped,  the 
Upper  lip  arched.     Stamens  projeeting. 

1.  C.  americana,  Wallroth.  Squaw-root,  Caxcer-root.  Steins 
3-6  in.  high,  yellowish  or  yellowish-brown.  Flowers  numerous,  in- 
conspicuous.  Corolla  dirty  white  or  pale  brown.  In  oak  woods, 
not  very  common. 

n.    APHTLLON,  MitcheU. 

Brownish  or  whitish  plants  with  naked  scapes  bome  on 
scaly,  mostly  Underground  stems.  Calyx  regulär,  5-cleft. 
Corolla  o-lobed,  slightly  irregulär.  Stamens  not  projeeting 
from  the  corolla-tube. 

1.  Aphyllon   uniflomm,    Gray.       Oxe-flowered    Cancer-root. 

Slightly  covered  with  clammy  down.  Stems  very  short-branched, 
each  with  1-3  l-flowered  scapes  3-5  in.  high.  Calyx-lobes  lance- 
awl-shaped,  half  as  long  as  the  corolla.  Corolla  yellowish-white, 
veiny,  purple-tinged,  palate  with  2  yellow  bearded  ridges.  Damp 
woods. 

2.  A.  fasciculatum,  Gray.  Stem  scaly,  upright,  3-4  in.  high  above 
ground  and  generally  longer  than  the  numerous  l-flowered  pedun> 
des.  Calyx-lobes  short,  triangulär.  Parasitic  on  wild  species  of 
ÄrtemUiai  etc.,  in  sandy  and  loamy  soll  N,  W.  and  W. 


DICOTYLEDONOÜS  PLANTS  209 


92.   LENTIBÜLARIACEA.     Bladdekwort  Family. 

Scape-bearing  herbs,  chiefly  aquatic  or  living  in  marshes. 
Leaves  are  often  thread-like  and  floating,  without  stipules. 
Flowers  irregulär.  Calyx  free  from  the  ovary,  persistent, 
("orolla  hypogynous,  2-lipped,  the  tube  short,  spurred  at  the 
base.  Stamens  2,  opposite  the  lateral  sepals,  hypogynous  or 
inserted  on  the  corolla-tube.  Ovary  free,  1-celled;  style 
short,  thick,  stigma  2-lipped,  ovules  many.  Capsule  2-valved 
or  bursting  irregularly,  raany-seeded. 

UTRICULARIA,  L. 

Aquatic  or  terrestrial  herbs,  often  floating  and  propagated 
by  buds  which  break  loose  from  the  plant  and  sink  to  the 
bottom  of  the  pond  or  stream  during  the  winter.  Leaves  of 
the  aquatic  species  floating,  thread-like,  furnished  with  little 
bladders  in  which  animalcules  are  caught.  Flowers  often 
rather  showy,  solitary,  spiked  or  racemed.  Corolla  with  its 
throat  nearly  closed  by  the  palate.  Capsule  globose,  bursting 
irregularly. 

1.  ü.  cornuta,  Michx.  Horned  Bladderwort.  Stemless.  Leaves 
linear  and  entire  or  none ;  air  bladders  few  or  none.  Scape  erect, 
stout,  2-5-flowered,  8-12  in.  high.  Flowers  yellow,  fragrant,  }  in. 
Wide.  Pedicel  as  long  as  the  calyx.  Lips  of  the  corolla  obovate, 
unequal,  the  lower  longer,  abruptly  pointed,  the  sides  reflexed,  as 
long  as  the  horn-shai)e(l,  curved  spur,  throat  bearded.  Seeds  minutely 
pitted.     In  swamps  and  muddy  places.* 

2.  U.  subulata,  L.  Small  Bladderwort.  Scape  thread-like, 
2-6  in.  high.  Leaves  few  and  awl-shaped  or  none ;  air  bladders  few 
or  none.  Racemes  zigzag,  1-6-flowered  ;  pedicels  much  longer  than 
the  calyx.  Corolla  yellow,  ^  in.  wide,  the  lower  lip  3-lobed,  longer 
than  the  appressed,  conical,  green-pointed  spur.     Wet,  sandy  ßoil.* 

3.  U.  inflata,  Walt.  Swollen  Bladderwort.  Perennial ;  stem 
very  slender,  floating.  Leaves  finely  dissected,  the  lower  ones  scat- 
tered,  the  upper  ones  whorled;  the  petioles  dilated  upward  and 
inflated,  air  bladders  very  numerous.  Scape  stout,  6-12  in.  high, 
3-10-flowered.  Corolla  yellow,  about  J  in.  wide,  upper  lip  ovate, 
slightly  lobed,  lower  lip  3-lobed,  twice  the  length  of  the  curved, 
emarginate  spur.     Fruit  nodding.     In  ponds  and  still  water.* 
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4.  ü.  ynlgaris,  L.  Greateb  Bladderwort.  Steins  submerged, 
leafy,  1-3  ft  long.  Leaves  spreading,  pinnately  cut  into  very  many 
thread-like  eeginents  which  bear  many  bladders.  Scapes  6U12  in. 
long,  5-12-flowered,  pedicels  bent  down  after  flowering.  Corolla  ^J 
in.  long,  yellow,  upper  lip  broad  and  short,  palate  prominent;  spnr 
conical,  pressed  close  to  the  under  lip.  Fonds  and  slowly  flowing 
streams. 

98.   ACANTHACEA.     Acanthus  Family. 

Herbs  or  shrubs.  Leaves  opposite  or  whoried,  without 
stipules.  Flowers  irregulär,  usually  with  large  bracts.  CaJyx 
of  4  or  5  unequal  Segments  which  considerably  overlap  each 
other.  Corolla  4-5-parted  and  usually  more  or  less  2-lipped. 
Stamens  usually  2  long  and  2  short,  sometimes  only  2.  Ovary 
free  from  the  calyx.  Fruit  usually  a  capsule.  Seeds  not 
winged.  A  large  family,  mostly  tropical,  with  only  a  few 
insignificant  wild  species  in  the  northern  United  States. 

I.     RUELLIA,  Plnmier. 

Perennial  herbs;  stems - swollen  at  the  joints  and  often 
between  them,  somewhat  4-angled.  Leaves  sessile  or  short- 
petioled,  mostly  entire.  Flowers  axillary,  solitary  or  clusterecl, 
showy,  white,  blue,  or  purple.  Calyx  2-bracted,  5-parted,  the 
divisions  linear  and  awl-shaped.  Corolla-tube  slender,  often 
much  elongated,  the  limb  spreading,  nearly  equally  5-lobed. 
Stamens  4,  2  long  and  2  short,  included  or  slightly  projecting. 
Style  slender.    Capsule  slender,  narrowed  below,  4-12-seeded.* 

1.  R.  strepens,  L.  Smooth  Ruellia.  Stern  erect,  slender. 
usually  simple,  smooth  or  hairy,  1-3  ft.  high.  Leaves  ovate  to 
oblong,  acute  at  the  apex,  narrowed  below  into  a  short  petiole. 
Flowers  solitary  or  in  small  Clusters,  sessile  or  short-peduncled. 
Calyx-lobes  shorter  than  the  tube  of  the  corolla,  downy  or  fringed. 
Corolla  blue,  the  tube  lJ-2  in.  long,  the  limb  1-1 J  in.  wide.  Cap- 
sule usually  longer  than  the  calyx,  smooth,  8-12-seeded.  The  later 
flowers  often  without  a  corolla.     On  rieh,  dry  soil.* 

2.  R.  ciliosa,  Pursh.  Hairy  Ruellia.  Stem  erect,  rather  stout, 
often  few-branched  above,  covered  with  white  hairs,  4-30  in.  high. 
Leaves  oblong  to  ovate,  acute  or  obtuse  at  the  apex,  narrowed  and 
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mostly  sessile  at  the  base,  hairy-fringed.  Flowers  pale  blue,  solitary 
or  2-3  together.  Calyx-lobes  bristle-shaped,  half  the  length  of  the 
coroUa-tube.  Tube  of  the  coroUa  2  in.  long.  Capsule  shorter  than 
the  calyx,  smooth,  8-12-8eedecL  A  very  variable  species»  the  flowers 
often  without  a  coroUa.     In  dry  woods  and  fields  S.* 

n.     DIANTHBRA,  OronoT. 

Perennial  herbs ;  stem  smooth.  Leaves  opposite^  entiire  or 
toothed.  Flowers  axillary,  solitary  or  clustered,  irregulär. 
Calyx  5-parted.  Corolla  2-lipped,  upper  lip  erect,  concave, 
entire  or  notehed,  the  lower  prominently  veined,  spreading, 
3-lobed.  Stamens  2,  inserted  in  the  throat  of  the  corolla. 
Ovary  2-celled,  4-ovuled,  style  simple,  acute.  Capsule  flat- 
tened,  narrowed  below  into  a  little  stalk.* 

1.  D.  americana,  L.  Water  Willow.  Stem  erect,  slender,  2-3 
ft.  high.  Leaves  lanceolate  to  linear-lanceolate,  taper-pointed  at  the 
apex,  narrowed  below  to  the  sessile  or  short-petioled  base.  Flowers 
bracted,  in  short  spikes,  on  peduncles  as  long  as  the  leaves.  Corolla 
pale  blue  or  purple,  the  tube  as  long  as  the  Ups,  lower  lip  wrinkled. 
Capsule  about  the  leugth  of  the  calyx.     In  water  S.* 


94.   PLANTAGINACEÄ.     Plantain  Family. 

Annual  or  perennial  scape-bearing  herbs.  Leaves  usually 
all  radical,  with  parallel  ribs.  Flowers  small,  green,  usually 
spiked,  regulär  and  perfect  (Fig.  21).  Sepals  4,  persistent. 
Corolla  hypogynous,  salver-shaped,  thin  and  dry ;  lobes  4, 
spreading.  Stamens  4,  usually  inserted  on  the  corolla-tube, 
filaments  thread-like,  anthers  large  and  versatile.  Ovary  free, 
usually  2-4-celled;  style  thread-like.  Fruit  a  1-4-celled, 
1  or  more  seeded  membranous  capsule,  which  splits  open 
transversely,  the  top  Coming  off  like  a  lid. 

PLANTAGO,  L. 

Characteristics  of  the  genus  as  given  above  for  the  f amily. 

1.  P.  major,  L.  Plantain.  Perennial,  from  a  very  short  root- 
stock.     Leaves  ovate  to  oval,  strongly  5-d-ribbed,  acute  or  obtuse  at 
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the  apex,  rounded  at  the  base  into  a  long,  concave  petiole,  entire  or 
toothed,  smooth  or  slightly  downy.  Scape  taller  than  the  leaves. 
downy,  spike  densely  flowered;  bracts  short,  ovate.  Flowers  per- 
fect.  Stamens  4,  projecting.  Capsule  ovoid,  about  twice  the  length 
o£  the  calyx.     Common  in  dooryards.* 

2.  P.  UnceoUta,  L.  Ribgrass.  Biennial  or  perennial ;  soft- 
hairy  or  nearly  smooth.  Leaves  numerous,  lanceolate  to  elliptical 
acute,  long-petioled,  strongly  3-5-ribbed,  entire 
or  toothed.  Scapes  much  longer  than  the  leaves. 
8ti  iate-angled,  1-2  f  t.  high,  spike  short  and  dense. 
Bracts  and  sepals  ovate.  Corolla  smooth.  Cap- 
sule  longer  than  the  calyx,  2-seeded.  Introduced; 
common  in  meadows.* 

3.  P.  aristata,  Michz.  Large-bracted  Plan- 
TAiN.  Annual.  Leaves  broadly  linear,  entire 
or  sparingly  and  finely  toothed,  narrowed  below 
into  a  margined  petiole,  smooth  or 
silky-downy.  Scape  longer  than  the 
leaves,  6-10  in.  high,  spike  dense. 
Bracts  linear,  J-1  in.  long.  Stamens 
4 ;  capsule  2-seeded,  longer  than  the 
calyx.     Common  on  dry  soll.« 

4.  P.  heterophylU,  Nutt.  Many- 
SEEDED  Plantain.  Annual. 
Leaves  linear,  fleshy,  entire,  or  with 
a  few  spreading  teeth,  smooth  or 
slightly  downy.  Scapes  slender,  3-6 
in.  high,  spike  very  slender,  many- 
flowered,  the  lower  flowers  often 
scattered.  Bracts  ovate,  longer  than 
the  sepals.  Stamens  2.  Capsnle 
twice  the  length  of  the  calyx,  many-seeded.  Common  in  cultivated 
ground,  especially  8.* 


/, 


Fio.  21.  — Flowers  of  Plantain 
(Ptautago),  enlarged. 

Af  earlier  stage,  pistil  mature,  sta- 
mens not  yet  appearing  outside 
the  corolla.  B,  later  stage,  pistil 
withered,  stamens  mature. 


95.   RUBIACE^.     Madder   Family. 

Herbs,  shrubs,  or  trees.  Leaves  opposite  and  entire,  with 
stipules  between  them,  or  appearing  whorled  since  the  stipules 
resemble  the  leaves.  Flowers  always  perfect,  frequently 
dimorphous  (as  in  Honst onia,  Mitehella,  and  Bouvardia). 
Calyx-tube  adnate  to  the  ovary;  limb  3-6-toothed.  Corolla 
regulär,  inserted  on  the  calyx-tube,  as  many-lobed  as  the 
calyx.  Stamens  equal  in  number  to  the  divisions  of  the 
'V)rolla.    Ovary  2  or  more  celled.    A  very  large  and  important 
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family,  of  which  many  of  the  ünportant  species,  for  instance, 
the  cofFee  shrub  and  the  cinchona  tree,  are  natives  of  warm  or 
tropical  climates. 

I.    HOUSTONIA,  L. 

Annual,  biennial,  or  perennial  herbs ;  stems  erect  or  diffuse. 
Leaves  entire,  stipules  often  only  a  line  connecting  the  bases 
of  opposite  leaves.  Flowers  small,  solitary,  or  clustered. 
Calyx  4-toothed,  persistent.  CoroUa  wheel-shaped  to  funnel- 
form,  4-lobed.  Stamens  4.  Ovary  2-celled,  style  slender, 
Stigmas  2.  Fruit  a  2-celled,  few-iuany-seeded  capsule,  open- 
ing  at  the  apex,  free  from  the  calyx.* 

1.  H.  ccBnüea,  L.  Bluets,  Innocence,  Quaker  Ladies,  Eye- 
BRICHT.  Perennial,  from  very  slender  rootstocks;  stems  tufted, 
erect,  smooth,  forking,  3-6  in.  high.  Leaves  sessile,  often  hairy- 
fiinged,  the  lower  spatulate,  the  upper  lanceolate.  Flowers  solitary, 
on  slender  axillary  peduncles.  Calyx  smalL  CoroUa  salver-form, 
blue  or  white,  yellow  in  the  throat,  smooth,  of  two  forms,  the  stamens 
projecting  and  the  style  short  in  one  form,  while  in  the  other  the 
stamens  are  short  and  the  style  projecting.  Capsule  laterally  com- 
pressed,  2-lobed,  shorter  than  the  calyx.    Common  on  open  ground.* 

2.  H.  patens,  EU.  Small  Bluets.  Annual.  Stem  ei-ect,  branched 
at  the  base,  forking  above,  smooth,  2-4  in.  high.  Lower  leaves  oval 
to  ovate,  petioled,  the  upper  narrower  and  sessile.  Flowers  solitary, 
on  slender,  axiUary  peduncles,  blue  or  white.  Calyx  small.  Lobes 
of  the  coroUa  about  as  long  as  the  tube  ;  stamens  and  style  project- 
ing or  included.  Capsule  compressed,  as  long  as  the  calyx.  Com- 
mon on  dry,  open  ground.* 

3.  H.  purpurea,  L.  Large  Bluetö.  Perennial;  stem  stout,  erect, 
simple  or  branched,  smooth  or  downy,  4-angled,  6-12  in.  high. 
Leaves  ovate  to  ovate-lanceolate,  sessile  or  short-petioled,  3-5-nerved, 
often  hairy-fringed  on  the  margins.  Flowers  in  terminal  cymes, 
purple  to  nearly  white.  Corolla  funnel-form,  the  tube  longer  than 
the  limb,  hairy  within.  Stamens  and  style  projecting  or  included. 
Capsule  compressed-globose,  much  shorter  than  the  calyx.  In  dry, 
open  woods.* 

Var.  longifolia,  Gray.  Long-leayed  Bluets.  Perennial.  Stem 
erect,  branched,  smooth,  4-angled,  8-12  in.  high.  Leaves  sessile, 
the  lower-  oblanceolate  or  spatulate,  the  upper  linear,  l-nerved. 
Corymbs  terminal,  few-flowered.  Corolla  light  purple  to  white,  the 
lobes  much  shorter  than  the  tube.  Capsule  compressed-globose, 
nearly  as  long  as  the  calyx.     In  dry,  open  woods.* 
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IL     BOUVARBIA,  Salisb. 

Smooth  perennials.  Leaves  lanceolate,  thickish.  Calyx 
4-lobed,  the  divisions  elender.  CoroUa  with  a  long  ajid  nar- 
row  or  rather  trumpet-shaped  tube  and  spreading  4-lobed  liinb, 
Anthers  4,  inserted  in  the  throat  of  the  corolla,  alniost  sessil^r. 
Stigmas  2,  flat.  Capsule  globular,  2-celled,  many-seedeL 
Flowers  dimorphous. 

1.  B.  triphylla,  Salisb.  Three-leaved  Bouvardia.  Somewhat 
shrubby.  Leaves  nearly  smooth,  ovate  or  oblong-ovate,  the  Iower 
ones  in  threes,  the  upper  ones  sometimes  in  pairs.  Corolla  scarlet 
and  slightly  downy  outside. 

2.  B.  leianthA,  Benth.  Downy-leaved  Bouvardia.  Leares 
rather  downy.     Corolla  deep  scarlet,  smooth  outside. 

Both  species  cultivated  from  Mexico ;  in  greenhouses. 

m.    MITCHELLA,  L. 

A  pretty  trailing  evergreen  herb.  Leaves  roundisli-ovate, 
petioled.  Flowers  fragrant,  white  or  pinkish,  dimorphous. 
growing  in  pairs,  joined  by  their  ovaries.  Calyx  ^-toothed. 
Corolla  fimnel-shaped,  with  the  lobes  bearded  wäthin.  Sta- 
niens  4,  short.  Style  1,  stiginas  4,  slender.  Fruit  double, 
composed  of  the  united  ovai'ies,  really  a  stone-fruit  containiiig 
8  seed-like  bony  nutlets,  ripening  into  tasteless  scarlet  berries 
which  cling  to  the  plant  through  the  winter. 

1.  M.  repens,  L.  Partridge  Berry,  Squaw  Vink,  Two-ete 
Berry.  Common  in  dry  woods,  especially  under  evergreen  conif- 
erous  trees. 

IV.    6ALIUM,  L. 

Annual  or  perennial  herbs  ;  sttans  slender,  4-angled.  Leaves 
appearing  whorled.  Flowers  sinall,  in  axillary  or  terminal 
cynies  or  panicles,  perfect  or  rarely  dioäcious.  Calyx-tubt» 
short,  the  teeth  niinute  or  wanting.  Corolla  wheel-shaped, 
,S_4-lobed.  Staniens  3-4,  short.  Ovary  2-celled,  styles  2, 
short,  united  below.  Fruit  2,  united,  sometimes  fleshy, 
1-seeded  carpels  which  do  not  split  open.* 

1.  G.  Aparine,  L.  Goosegrass.  Annual;  stem  weak,  decum- 
bent,  sharply  4-angled  and  with  backward  pointing  prickly  hairs, 
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widely  branched,  2-4  ft.  long.     Leaves  6-8  in  a  whorl,  c 
prickly-haiiy  on  the   margins   and    midrib.      Peduncl  i 
longer  than  the  leaves,  1-3-flowered ;  flowers  white.     Fi 
cels  erect ;    fruit   dry,   covered   with   hooked  bristles. 
places.* 

2.  G.  circaezansy  Michx.  Wild  Licorice.  Pereni 
several,  erect,  smooth  or  downy,  12-18  in.  high.  Le  i 
whorl,  oval  to  ovate,  obtuse  at  the  apex,  strongly  3-ner 
Cymes  long-peduncled,  repeatedly  branched.  Flowers  tu  i 
greenish-purple ;  pedicels  at  length  recurved.  Fruit  ^ 
bristles.  In  dry,  open  woods  S.  Easily  recognized  b^ 
licorice-like  taste  of  the  leaves.* 

3.  6.  hispidulumy  Michz.     Bedstraw.     Perennial,  j  i 
roots;    stems   diffusely   branched,   smooth   or   slightly 
downy  at  the  joints,  erect  or  decumbent,  1-2  ft.  long.     I 
a  whorl,  narrowly  oval,  acute,  rough  on  the  margins  ai  i 
Peduncles  1-3-flowered ;  flowers  white.     Pedicels  becomi 
fruit  a  bluish-black,  roughened  berry.     On  dry,  sandy  » 

4.  G.  triflonim,  Hichz.     Perennial ;  stems  reclining  c  i 
angles  rough-bristly.     Leaves  mostly  in  sixes,  lance-ob] 
nate.    Flowers  usually  in  threes,  on  slender  peduncles.     I 
especially  N. 


96.   CAPRIFOLIACE.S.    Honeysuckle  Famil  i 

Mostly    shrubs.     Leaves   opposite,    without  tru 
Flowers   often   irregulär.     Calyx-tube   adnate   to 
CoroUa  tubulär  or  wheel-shaped.     Stamens  usuall 
as  the  corolla-lobes  and  inserted  on  the  corolla-tub 
berry,  stone-fruit,  or  capsule. 

I.    SAHBUCUS,  Tourn. 

Shrubs   with   odd-pinnate   leaves.     Calyx-limb 
wanting.      Flowers   very    many,  small,  white,  in 
cymes.     CoroUa  with  a  small,  somewhat  urn-shape( 
a  flattish,  spreading,  5-cleft  limb.     Stamens  5.     ! 
sessile.     Fruit  a  globular,  pulpy  stone-fruit,  3-seed  i 
ing  like  a  berry. 

1.   S.  canadensis,  L.     Common   Elder.     Stems  5-1  ! 
with   a  thin  cylinder  of   wood   surrounding  abundant  ' 
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Leaflets  5-11,  oblong,  taper.pointed,  smooth.  Cymes  flat  and  often 
yery  large.  Fruit  purplish-black,  insipid  or  almost  nauseous,  but 
Bomewhat  used  in  cookery. 

2.  S.  raoemoaa,  L.  Red-berried  Elder.  More  woody,  with 
brown  pith.  Leaflets  f ewer,  downy  beneath,  especially  when  young. 
Cymes  panicled  and  somewhat  pyramidal.     Fruit  scarlet. 

n.    VIUURNUH,  L. 

Shrubs  or  small  trees.  Leares  simple,  entire,  dentate  or 
lobed,  with  or  without  stipules.  Flowers  small,  white,  in 
terminal  cymes,  the  outer  flowers  of  the  cyme  sometimes 
greatly  enlarged  and  sterile.  Calyx-tube  very  small,  5-toothed. 
Corolla  wheel-shaped  or  bell-shaped,  5-lobed.  Stamens  5,  in- 
serted  in  the  tube  of  the  corolla.  Ovary  1-^-celled,  1-3- 
ovuled,  but  only  1  ovule  matiuring;  style  short,  3-lobed.  Fruit 
a  l-seeded  stone-fruit* 


Flowers  around   the  margin  of  the   cyme   without  stamens  or  pisttüt, 
large  and  showy, 

1.  V.  Untanoides,  Michz.  .  Hobble-dush,  Witch-hobble.  A 
shrub  about  5  ft.  high,  with  the  branches  reclining  and  often  root- 
ing  and  forming  loops  (whence  the  populär  names).  Leaves  very 
large,  roundish,  abruptly  taper-pointed,  serrate,  with  a  rusty  down 
on  the  petioles  and  veinlets.  Cymes  very  broad  and  showy.  Fruit 
red,  not  eatable. 

2.  V.  Opulus,  L.  Cranberry  Tree,  High-bush  Crakberry. 
A  handsome,  upright  shrub.  Leaves  3-5-ribbed  and  3-lobed.  Fruit 
bright  red,  juicy,  very  acid,  and  used  as  a  Substitute  for  cranberries. 
Common  N.  The  form  known  as  "  Suowball "  with  all  the  flowers 
showy  and  sterile  is  cultivated  from  Europe. 

B. 

Flowers  all  small  and  per/ect. 

3.  V.  acerifolium,  L.  Maple-leaved  Arrowwood.  A  slender 
shrub  3-6  ft.  high.  Leaves  broad ly  ovate  to  heart-shaped,  palmately 
veined  and  3-lobed,  serrate  or  nearly  entire,  petioled,  downy,  becom- 
ing  smooth  above.  Cymes  peduncled,  about  7-rayed,  2-3  in.  wide ; 
sterile  flowers  none.  Fruit  oval,  black,  stone  flat,  2-ridged  on  the 
edges.     In  dry,  open  woods.* 
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4.  V.  dentatnm,  L.  Arrowwood.  A  shr  : 
Leaves  broadly  ovate  to  oval,  acute  at  the  apex,  ; 
shaped  at  the  base,  coarsely  dentate,  smooth  a  : 
axils  of  the  veins  beneath,  short-petioled.  Gyn 
7-rayed,  2-3  in.  wide ;  sterile  flowers  none.  Cal  : 
globose,  dark  blue,  stone  compressed,  grooved  on  i 
damp  Boil.* 

5.  V.  nudum,  L.     Withe-rod.     A  shrub  8-11 
ovate  to  lanceolate,  entire  or  slightly  toothed,  a  i 
thick,  smooth  above,  the  veins  prominent  bene«  ; 
Cymes  short-peduncled,  5-rayed  ;  sterile  flowers  i  i 
blue.     Common  in  swamps.* 

6.  V.  prunifolium,  L.  Black  IIaw.  A  sm  , 
high.  Leaves  oval  to  ovate,  acute  or  obtuse  at  e  i 
sharply  serrate,  smooth  and  shining  above,  oft  i 
beneath;  petioles  dilated  and  rusty-downy.  Cj 
4-5-rayed ;  sterile  flowers  none.  Fruit  oval,  bli  i 
In  rieh,  moist  woods.* 


m.    STMPHORICARPOS,  Dill. 

Shrubs.  Leaves  short-petioled,  deciduoi 
axillary  Clusters.  Calyx-tube  globose,  4-5-t : 
bell-shaped,  4-5-lobed,  sometimes  knobbed  at  t 
or  hairy  within.  Stamens  4-5.  Ovary  4h 
cells  with  a  single  fertile  ovule  in  each,  the 
several  abortive  ovules;  style  slender,  stij 
2-lobed.     Fruit  a  4-celled,  2-seeded  berry.* 

1.  S.  racemosus,  Hichz.  Snowberry.  An  < 
2-3  ft.  high.  Flowers  in  loose  terminal  racemes, 
leafy.  Corolla  bell-shaped,  much  bearded  insi»; 
Stamens  and  style  not  projecting.  Berries  rather  I 
remaining  long  on  the  branches.     Rocky  banks,  o  i 


IV.    LINN^A,  GronoY. 

A  very  small,  slender,  creeping  evergreen  • 
inclined,  ending  in  a  slender,  erect,  2-flovi 
Leaves  opposite,  without  stipules.  Flowers  n 
der  pedicels,  with  2  bractlets.  Calyx-tube  ovoi 
Corolla  nearly  bell-shaped,  5-lobed.  Stamens 
the  base  of  the  corolla,  2  of  them  longer  th 
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Ovary  3-celled;  style  thread-like,  stigma  knobbed;  ovules 
many  in  1  cell,  solitary  in  the  2  others.  Fruit  nearly  globose, 
l-seeded. 

1.  L.  borealis,  L.  Twin-flower.  A  beautiful,  delicate  plant. 
Corolla  pale  pink,  very  fragrant.  Moist  woods,  in  moss,  and  cold 
bogs  N. 

V.    TRIOSTEÜM,  L. 

Coarse,  hairy,  perennial  herbs.  Leaves  large,  those  of  each 
pair  somewhat  joined  at  the  base,  so  tbat  the  stem  appears  to 
rise  through  them.  Calyx-tube  ovoid ;  divisions  of  the  limb 
leaf-like,  lance-linear,  persistent.  Corolla  knobbed  at  the  base, 
nearly  equally  5-lobed.  Ovary  usually  3-celled,  ripening  into 
a  stone-fruit  witli  3  nutlets. 

1.  T.  perfoliatum,  L.  Tinker-weed,  Wild  Coffee,  Fever- 
WORT,  IIoRSE-OENTiAN.  Stem  unbranched,  soft-hairy,  2-4  £t.  high. 
Leaves  spatulate-ovate,  abruptly  narrowed  at  the  base,  4-7  in.  long 
and  2-4  in.  wide,  bordered  with  a  f ringe  of  hairs.  Flowers  dark 
brownish-purple.  Corolla  about  J  in.  long,  sticky-downy.  Fruit 
ellipsoidal,  orange-colored  when  ripe.  Common  along  fence-rows 
and  in  rocky  woods. 

VI.    LONICERA,  L. 

Shrubs  or  woody  vines.  Leaves  simple,  usualfy  entire, 
those  of  a  pair  often  appearing  as  if  joined  together  at  the 
base,  so  that  the  stem  seems  to  rise  through  them.  Calyx- 
tube  ovoid,  5-toothed.  Corolla  tubulär  to  bell-shaped,  often 
knobbed  at  the  base  or  2-lipped.  Stainens  5.  Ovary  2-3- 
celled,  ovules  several  in  each  cell;  style  slender,  stignia 
knobbed.     Fruit  a  1-3-celled,  1-few-seeded  berry.* 

A. 

Sterns  twlning, 

1.  L.  Sullivantii,  Gray.  Yellow  IIoneyscckle.  Stem  soinp> 
what  twining.  Leaves  oval  to  obovate,  obtuse,  entire,  green  above. 
with  a  bloom  beneath,  the  lower  short-petioled,  the  upper  sessile  or 
joined  at  the  base.  Flowers  in  crowded,  terminal  whorl«,  bright 
yellow,  fragrant.  CoroUa-tube  slender,  1-1 1  in.  long,  bilabiate, 
4.1obed,  pubescent  within.  Stamens  and  style  projecting.  On  river 
banks  and  hiUsides :  often  cultivated.* 
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CORAL  HONEYSUCKLE,  TrüMPRT  HoNEY- 

8UCKLE.  Stern  twining  high.  Leaves  evergreen  (in  the  South), 
oval  to  oblong,  obtuse,  entire,  smooth  above,  pale  and  often  downy 
beneath,  the  lower  petioled,  the  upper  pair  nearly  8emi-K)rbicular  and 
joined  at  the  base.  Flowering  spikes  terminal,  bearing  several 
whorls.  CoroUa  about  2  in.  long,  slender,  smooth,  the  limb  Short, 
nearly  equally  5-lobed,  scarlet  withont,  bright  yellow  within.  Star 
mens  slightly  projecting ;  fruit  red.  On  low  ground ;  often  culti- 
vated.* 

3.  L.  japonica,  Thunb.  Japan  Honeysücklk.  Stern  twining 
high;  young  branches  downy.  Leaves  ovate  to  oblong,  entire, 
smooth  above,  pale  and  downy  beneath,  all  short-petioled  ;  peduncles 
axillary,  2-bracted,  2-flowered ;  flowers  white  or  pink,  fading  to  yel- 
low, 2-lipped,  the  Ups  nearly  as  long  as  the  downy  tube.  Stamens 
and  style  projecting.  Fruit  black.  Introduced  from  Japan ;  com- 
mon in  cultivation.* 

4.  L.  Caprifolium,  L.  European  Honeysückle.  A  moder- 
ately  high-climbing  shrub.  Leaves  smooth  and  deciduous,  several 
of  the  Upper  pairs  united  at  their  bases  to  form  a  flattish  disk  or 
somewhat  cup-shaped  leaf .  Flowers  in  a  Single  terminal  whorJ,  very 
sweet^cented.  Corolla  whitish,  red,  or  yellow,  2-lipped,  with  the 
lips  recurved.     Cultivated  from  Europe. 

B. 

More  or  less  upright  husheSy  not  climhinff. 

6.  L.  tatarica,  L.  Tartarian  Honeysückle.  A  branching 
shrub,  5-8  ft.  high.  Leaves  oval  or  ovate,  heart-shaped,  shining. 
Flowers  many,  showy,  rose-colored.  Fruit  consisting  of  2  red 
berries ;  somewhat  united  below  at  maturity.  Cultivated  from 
Asia. 

6.  L.  ciliata,  Muhl.  Early  Fly  Honeysückle.  A  straggling 
bush,  3-5  ft.  high.  Leaves  ovate  or  oval,  slightly  heart-shaped,  thin, 
at  first  downy  beneath.  Flowers  straw-yellow,  on  short,  slender 
peduncles.  Corolla-lobes  nearly  equal;  tube  pouched  at  the  base. 
Fruit,  2  separate  red  berries. 

Vn.    DIERVILLA,  Touni. 

Low,  upright  shrubs.  Leaves  taper-pointed,  serrate.  Flowers 
in  loose  terminal  or  axillary  Clusters  or  cymes.  Calyx  with 
a  limb  of  5  linear  divisions.  Corolla  funnel-shaped,  almost 
regularly  ö-lobed.  Stamens  5.  Ovary  slender,  2-celled,  ripen- 
Ing  into  a  2-valved,  many^eeded  pod. 
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1.  D.  trifida,  Hoench.  Common  Bush  Honetsucklr.  Bushj, 
1-4  ft.  high.  Leaves  ovate  er  oblong-ovate,  petioled.  Pedoncles 
1-3-flowered.  Pods  tapering  to  a  elender  point  Rocks,  eape- 
cially  N. 

2.  D.  japonica,  Thunb.  Weegela.  A  stout,  branching  shrub, 
3-6  ft.  high.  Leaves  broadly  oval,  acute  at  the  apex,  rounded  at 
the  base,  coarsely  serrate,  rough  above,  downy  beneath,  short-peti- 
oled.  Flowers  spreading,  funnel-form,  rose-color,  1-1 J  in.  long. 
Calyx-lobes  deciduous.  Corolla  downy  without,  the  lobes  spreading. 
Capsule  oblong  or  spindle-shaped.  Seeds  with  netted  wings.  Intro- 
duced  from  Japan  ;  common  in  cultivation.* 


97.   VALBRIAIfACBJB.     Valerian  Family. 

Herbs,  rarely  sbrubs.  Leaves  opposite,  without  stipules. 
Flowers  small,  usually  irregulär,  in  forking  cymes.  Calyx- 
tube  adnate  to  the  ovary.  Corolla  funnel-shaped,  the  base 
often  with  a  sac  or  spur.  Stamens  1-3  or  5,  inserted  at  the 
base  of  the  corolla-tube ;  filaments  slender,  anthers  versatile. 
Ovary  cells  3,  two  of  them  not  ovule-bearing,  the  third  with  a 
Single  ovule  hanging  from  the  top ;  style  thread-like,  Stigma 
blunt  or  2-3-lobed.     Fruit  small,  not  Splitting  open. 

I.    VALERIANA,  L. 

Perennial,  rarely  annual,  herbs.  Root-leaves  crowded; 
stem-leaves  opposite  or  whorled,  entire  or  pinnately  cut. 
Flowers  in  corymbed,  headed,  or  panicled  cymes.  Limb  of 
the  calyx  consisting  of  several  plumy  bristles.  Lobes  of 
the  corolla  5  or  rarely  3-4,  unequal.  Stamens  3.  Stigma 
knobbed.     Fruit  fiattened,  ribbed,  1-celled,  1-seeded. 

1.  V.  edulia,  Nutt.  An  upright,  straight-stemmed  plant,  1-4  ft. 
high.  Leaves  all  thickish  and  closely  fringed  with  short  hairs; 
root-leaves  linear-spatulate  or  lauceolate-spatulate,  entire ;  stero-leaves 
pinnately  parted,  the  3-7  divisiona  long  and  narrow.  Flowers  almost 
dioecious,  in  a  long,  interrupted  panicle.  Corolla  whitish.  Root  long 
and  stout,  eaten  by  Indians.  Low  ground  and  wet  prairies,  esx>eciall3r 
N.W. 

2.  V.  offlcinalis,  L.  Garden  Valerian.  Plant  smooth  or  hairy 
belowy  strong-smelling.     Rootstock  short.     leaves  all  pinnate  ;  xooV 
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leaves  long-petioled,  soon  withering;  stem-leaves  2-5  in.  long, 
sessile,  the  leaflets  lanceolate,  entire  or  serrate.  Corolla  pale 
pink.  Rootstocks  8trong.^»cented,  used  in  medicine.  Cultivated 
from  Europe. 

n.    VALBRIANELLA,  Totun. 

Annual  herbs;  stem  forking  regularly.  Leaves  opposite, 
entire  or  dentate.  Flowers  in  crowded,  terminal,  bracted 
cymes.  Calyx-limb  toothed  or  wanting.  Corolla  white  or 
purplish,  funnel-form,  5-lobed.  Stamens  3.  Style  3-lobed. 
Fruit  3-celled,  1-seeded.* 

1.  V.  olitoria,  Poll.  Lamb  Lettück.  Stem  erect,  smooth,  or 
downy  at  the  nodes,  many  tirfies  forked,  9-12  in.  high.  Basal  leaves 
tufted,  spatulate  to  obovafce,  entire,  the  upper  lanceolate,  dentate, 
sessile.  Cymes  short-peduncled,  bracts  linear.  Flowers  pale  blue. 
Fniit  compressed,  oblique.     On  rieh  soll  in  waste  places.* 

2.  V.  radiata,  Dufr.  Corn  Salad.  Stem  erect,  smooth  above, 
downy  below,  2-4  times  forked,  8-12  in.  high.  Lower  leaves  spatu- 
late, entire,  the  upper  lanceolate,  clasping  at  the  base,  dentate. 
Cymes  compact ;  bracts  lanceolate.  Flowers  white.  Fruit  ovoid, 
downy,  furrowed.     On  damp  soil.* 


98.   CUCÜRBITACEJB.     Gourd  Family. 

Somewhat  succulent,  tendril-bearing,  prostrate  or  climbing, 
herbaceous  plants.  Leaves  altemate,  with  stipules.  Flowers 
dicecious  or  monoecious,  often  gamopetalous.  Calyx-tube  ad- 
nate  to  the  ovary;  calyx-liinb  (if  present)  ö-lobed.  Corolla 
usually  5-lobed  and  with  its  tube  more  or  less  united  with  the 
calyx-tube.  Stamens  perigynous  or  borne  upon  the  corolla, 
the  anthers  usually  joined  in  long,  Serpentine  ridges.  Ovary 
3-celled;  stigmas  2  or  3.  Fruit  generally  a  pepo  (like  the 
melon,  squash,  and  pumpkin),  but  sometimes  dry.  Seeds 
commonly  large  and  fiat.  A  large  family,  mostly  of  tropical 
plants,  many  with  eatable  fruit,  but  some  species  poisonous. 
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I.    CUCURBITA,  L. 

Annual  or  perennial  herbs  ;  stem  trailing  or  climbing,  2-20 
ft.  long.  Leaves  angular-lobed ;  tendrils  branching.  Flowers 
monoecious,  solitary  or  in  small  Clusters.  Calyx  5-toothed,  the 
limb  deeiduous.  CoroUa  bell-shaped,  5-lobed.  Staminate  flowers 
with  3  stamens  and  no  pistil ;  pistillate  flowers  with  1  pistil 
and  3  imperfect  stamens.  Style  short;  stigmas  3-5,  each 
2-lobed.  Fruit  1-celled,  with  numerous  seeds  on  the  3  parietal 
placentae.* 

1.  C.  Melopepo,  L.  Summer  Squash.  Stem  rough-hairy,  angled, 
2-5  ft.  long.  Leaves  broadly  heart^hapedi  angularly  3-5-lobed. 
rough.  Flowers  yellow,  short-peduncled.  Fruit  roundish,  longitudi- 
nally  compressed,  the  margin  smooth,  wavy,  or  tubercuiar.  Common 
in  cultivation.* 

2.  C.  verrucosa,  L.  Crookneck  Squash.  Stem  rough-hairy. 
angled  and  striata,  5-10  ft.  long.  Leaves  cordate,  deeply  5-lobed. 
very  rough,  long-petioled.  Flowers  light  yellow,  long-peduucleii. 
Fruit  clavate,  the  base  often  sie n der  and  curved,  smooth  or  tubercu- 
late,  very  variable.     Common  in  cultivation.* 


n.  Cucumis,  L. 

Annual  herbs;  stems  trailing,  usually  shorter  and  more 
slender  than  in  the  preceding  genus.  Tendiils  not  forked. 
Leaves  varying  f  roni  entire  or  nearly  so  to  deeply  cut.  Sterile 
flowers  in  Clusters,  fertile  ones  solitary  in  the  leaf-axils. 
CoroUa  of  5  acute  petals,  which  are  but  little  joined  at  the 
base.  Stamens  not  evidently  united.  Style  short ;  stigmas  3. 
each  2-lobed.  Fruit  rather  long.  Se^s  not  large,  lance- 
oblong,  not  margined. 

1.  C.  sativus,  L.  Cucümber.  Leaves  somewhat  lobed,  the 
middle  lobe  largest.  Fruit  more  or  less  covered  when  young  with 
rather  brittle,  blackish  prickles,  which  fall  off  as  it  ripens.  CuUi- 
vated  frora  S.  Asia.  [Other  varieties  of  the  genus  Cucumis  are  th«? 
muskmelon,  cantaloupe,  and  nutmeg  melon.  Other  comxnonly 
cultivated  genera  are  Ciirullus,  the  watermelon,  and  Lagenaria^  th** 
bottle-gourd.  Two  wild  genera,  Echinocystis,  the  wild  cacurober. 
and  Sicyos,  the  star  cucümber,  which  blossom  through  the  summer 
and  autumn,  are  common  in  the  Northern  States  and  the  Middle 
West.] 
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99.   CAHPANÜLACEJB.     Campakula  Familt. 

Herbs,  with  milkj  juice.  Leaves  alternate,  without  stipiües. 
Flowers  regulär,  not  clustered.  Calyx  5-lobed,  adnate  to  the 
ovary.  Corolla  regulär,  bell-shaped,  5-lobed.  Stamens  5, 
usually  free  froin  the  corolla  and  not  coberent.  Style  1, 
usually  hairy  above;  Stigmas  2  or  more.  Fruit  a  Capsula, 
2  or  more  celled,  many-seeded. 

I.     CAHPANULA,  Totun. 

Annual,  biennial,  or  perennial  herbs.  Flowers  solitary, 
racemed  or  spiked,  regulär,  blue  or  white.  Calyx  5-lobed 
or  parted.  Corolla  wheel-shaped  to  bell-shaped,  5-lobed. 
Stamens  5,  free  from  the  corolla,  distinct,  filaments  dilated 
at  the  base.  Ovary  3-5-celled,  many-ovuled ;  style  3-parted. 
Capsule  Short,  bearing  the  persistent  calyx-lobes  at  its  apex, 
many-seeded,  Splitting  open  on  the  sides.* 

1.  C.  rotundifolia,  L.  Harebell.  A  slender,  smooth,  branching 
perennial,  5-12  in.  high.  Koot-leaves  broadly  OTate-heart-shaped, 
generally  somewhat  crenate,  soon  withering.  Stem-leaves  varying 
from  linear  to  narrowly  lanceolate,  entire.  Pedicels  elender,  flowers 
solitary  or  somewhat  racemed,  the  buds  erect  but  the  fully  opened 
flower  drooping.  Calyx-teeth  erect,  awl-shaped.  Corolla  beU-shaped, 
i-1  in.  long,  its  lobes  short  and  recurved.  Rocky  hillsides,  espe- 
cially  N. 

2.  C.  aparinoides,  Pursh.  Marsh  Bell-flower.  Stern  angular, 
unbranched,  slender,  weak  and  leaning  on  the  grass  among  which  it 
usually  grows,  the  angles  olothed  with  minute,  backward-pointing 
prickles.  Leaves  lance-linear,  nearly  entire.  Flowers  terminal, 
about  ^  in.  long,  white.  Corolla  bell-shaped.  Wet  meadows,  in  tall 
grass. 

n.     SPECULARIA,  Heister. 

Annual ;  stems  slender,  angled.  Leaves  entire  or  toothed. 
Flowers  axillary,  regulär,  solitary  or  in  small  Clusters,  sessile, 
bracted.  Calyx-tube  slender,  3-5-parted.  Corolla  wheel- 
shaped,  5-lobed.  Stamens  with  the  filaments  flattened  and 
shorter  than  the  anthers.  Ovary  3-celled,  many-ovuled; 
Stigmas  3.     Fruit  a  prismatiC;  3-ceUed,  manynseeded  capsule.* 
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1.  S.  perfoliata,  A.  DC.  Specülaria.  Stern  erect,  simple  or 
branched  from  the  base,  angles  roughened,  10-20  in.  high.  Leares 
ovate  to  lanceolate,  acute  at  the  apex,  sessile,  crenate  or  entire,  the 
Upper  bract-like.  Flowers  solitary  or  in  pairs.  CoroUa  blue,  often 
wanting.     Capsule  cylindrical,  smaller  above.     In  waste  places.* 


100.   COMPOSITJB.     CoMPOSiTE  Familt. 

Flowers  in  a  dense  head,  on  a  common  receptacle,  sur- 
rounded  by  an  involucre  composed  of  many  bracts  (Fig.  22), 


Fio.  22.  —  Flower-oluBter  of  Baohelor's  Button  (Centaurea  Cyanu$), 
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with  usually  6  stamens  inserted  on  the  corolla,  the  antliers 
united  into  a  tube  which  surrounds  the  style  (Fig.  23,  V). 
Calyx  with  its  tube  adnate  to  the  ovary,  the  limb  sometimes 
wanting,  when  present  taking  the  form  of  scales,  bristles,  etc., 
known  as  pappns  (Fig.  24,  II,  III).  Corolla  either  strap- 
shaped  (Fig.  25,  r)  or  tubulär  (Fig.  23,  V),  in  the  former  case 
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Fxo.  23.  —  Bachelor '8  Button. 

I,  Tertical  sectlon  of  the  receptacle ;  II,  style  and  forked  Stigma  (magnified) ; 
m,  corolla,  united  anthers  and  Stigma  (magnified) ;  IV,  pistll  (magnlfled) ; 
pap^  pappus ;  ait, akene ;  Y,  tubulär flonrer  out  Tertically  (magnified), showing 
anther-tube,  traTersed  by  the  style ;  2,  lobe  of  corolla. 

often  5-toothed,  in  the  latter  usually  5-lobed.  Style  2-cleft 
above.  'Fruit  an  akene,  often  provided  with  means  of  trans- 
portation  (Part  II,  Ch.  XXIX).  The  largest  family  of 
flowering  plants  and  among  the  most  specialized  for  insect 
pollination.  The  genera  of  the  northern  United  States  are 
divided  into  two  suborders :  I.  Tubuliflor^,  corolla  of  the 
perfect  flowers  tubulär  and  5-lobed ;  II.  Liguliflor^,  coroUas 
all  strap-shaped  and  flowers  all  perfect. 
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Fig.  24.— Baohelor'8  Button. 

I,  a  tubulär  flower  (magnifled) ;  anth^  the  united  anthera  ;  II,  fruit  (magnifled) ; 
III,  fruit,  vertical  seotion  (magnifled);  IV,  a  neutral  ray^ower;'  Y,  ring 
of  anthers. 


Fio.  26.  —  Flower-cluBter  of  Yarrow  {Achillea  MHUfoliuni)^  enlarged. 

A,  head  seen  from  above  ;  B^  longitudinal  section  ;  re,  receptacle ;  cA,  cbjdf ; 
t,  iuvolucre ;  r,  ray-flowers  ;  d,  disk-flowers ;  c,  oorolla ;  «,  Btigma. 


1  This  is  not  precisely  honiologous  with  the  ray-flowers  of  Heliantkus  and 
rayed  Compositse,  but  is  an  enlarged  and  conspicuous  tubulär  flower. 
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I.     TÜBÜLIFLORJB. 

A.1 
Corollas  some  or  all  o/them  tubulär, 
BakjB  white,  pink,  or  purplish. 
Rays  many ;  akenes  flat ;  pappus  wanting ;  low  herbs.  Bellis,  I. 
Rays  many ;    akenes  cylindrical  or  winged,  grooved ;   pappus 
wanting  ;  tall  herbs  or  shrubby.  Chrysanthemum,  VIII. 

Rays  many ;    akenes  flat ;  pappus  of  an  outer  row  of  minute 
scales  and  an  inner  row  of  delicate  bristles.  Erigeron,  II. 

Rays  many ;    akenes  cylindrical  or  ribbed ;    pappus  wanting ; 
strong-scented  branching  herbs.  Anthemis,  VI. 

Rays  few.  AchiUea,  VII. 

Rays  yellow. 

Disk  purplish-brown.  Rudbeckia,  IV. 

Disk  yellow. 

Involucre  of  2  rows  of  bracts,  the  outer  rather  leaf-like. 

Coreopsis,  III. 
Involucre  of  reflexed  scales ;  pappus  of  5-8  scales. 

Helenium,  V. 
Involucre  of  erect  scales  ;  pappus  of  abundant  soft  hairs. 

Senecio,  IX. 

Rays  none,  but  the   marginal  flowers  sterile  and  their  tubulär 

corollas  partly  flattened  like  rays  (Fig.  24).  Centaurea,  X. 

Rays  none  and  marginal  flowers  like  the  others  ;    scales  of  the 

involucre  overlapping  in  many  rows,  prickly-pointed. 

Cirsium,  XI. 

B. 

Corollas  all  strapshaped, 

Corollas  blue  (rai*ely  pinkish);  akenes  not  beaked. 

Cichorium,  XIII. 
Corollas  blue ;  akenes  beaked.  Lactuca,  XVIII. 

*  The  characters  In  this  key  are  not  necessarily  trne  of  all  species  in  the  genera 
referred  to,  hut  only  of  those  desorihed  helow. 
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Corollas  yellow. 

Akenes  truncate ;  pappus  double,  of  chaff  and  brisÜes. 

Krigia,  XII. 

Akenes  columnar ;   pappus  of  tawny,  rough  brisÜes  ;   stem 

scape-like.  Hieracium,  XIV. 

Akenes    spindle-shaped,    not    beaked;     pappus    of    plamed 

bristles.  Leontodon,  XV. 

Akenes  ovoid  to  spindle-shaped,  long-beaked ;  pappus  white. 

soft,  and  abundant.  Taraxacum,  XVI. 

Akenes  nearly  as  in  XVI ;  pappus  tawny. 

Pyrrhopappus,  XVH. 
Akenes  flattened,  beaked  ;   pappus  soft,  white,  the  hairs  soon 
f alling  off  separately  ;  leafy-stemmed  herbs. 

Lactuca,  XVIII. 

Akenes  flattened,  not  beaked  ;  pappus  abundant,  soft,  white ; 
leafy-stemmed,  spiny-leaved  herbs.  Sonchus,  XIX 

I.     BELLIS,  L. 

Small  herbs.  Leaves  usually  all  radical,  petioled.  Heads 
solitary,  disk  yellow,  ray-flowers  white  or  pink;  involucre 
bell-shaped,  bracts  in  1  or  2  rows,  green ;  receptacle  conicaL 
Ray-flowers  many,  in  a  Single  row,  pistillate.  Disk-flowers 
tubulär,  perfec.t,  4-5-toothed ;  f orks  of  the  style  short,  thick, 
tipped  \)j  roughened  cones.  Fruit  flattened,  obovate ;  pappus 
wanting. 

1.  B.  integrifolia,  Michx.  American  Daisy.  A  branching  annual 
or  biennial  herb,  4-12  in.  high.  Upper  leaves  lanceolate  or  oblong, 
the  lower  ones  obovate-spatulate.  Ileads  borne  on  slender  peduncles; 
rays  violet-purple.     Prairies,  especially  S.W. 

2.  B.  perennis,  L.  English  Daisy,  Scotch  Daist.  A  stem- 
less  perennial.  Leaves  obovate-spatulate,  smooth  or  hairy.  Heads 
}-l  in.  in  diameter,  very  pretty,  the  rays  delicate.  Cultivated 
from  Europe. 

n.     ERIGERON,  L. 

Herbs.  Leaves  usually  sessile.  Heads  many-flowered,  flat 
or  nearly  hemispherical,  the  rays  numerous,  narrow,  pistillate. 
Scales  of  the  involucre  narrow  and   overlapping  but  little. 
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Akenes  flattish,  crowned  with  a  Single  row  of  hair-like  bristles, 
or  sometimes  with  shorter  bristles  or  scales  outside  these. 
Disk  yellow,  rays  white,  pinkish,  or  purple. 

1.  B.  annuus,  Pers.  Common  Fleabane.  Annual  or  biennial. 
Stern  grooved  and  stout,  branching,  2-5  ft.  high,  with  scattered 
hairs ;  lowest  leaves  petioled,  ovate,  coarsely  toothed,  those  higher  up 
the  stem  Buccessively  narrower,  sessile  ;  heads  in  a  large  loose 
corymb  ;  rays  short,  white  or  purplish.     Fields  and  waste  ground. 

2.  E.  strigosna,  Mahl.  Daisy  Fleabane.  Annual  or  biennial. 
Considerably  reaenlbling  the  preceding  species,  but  with  entire 
leaves,  smaller  aud  less  branched  stem,  smaller  heads,  and  longer 
rays.     Fields  and  pastures. 

3.  B.  bellidifolius,  Muhl.  Robin*s  Plantain.  Perennial.  Soft- 
liairy ;  stems  sometimes  throwing  out  offsets  from  the  base ;  simple, 
erect,  1-2  ft.  high ;  root-leaves,  obovate-obtuse,  somewhat  serrate ; 
stem-leaves  few,  lance-oblong,  acute,  clasping;  heads  rather  large, 
1-0,  on  long  peduncles,  with  50-60  long,  rather  broad,  bluish-purple 
or  reddish-purple  rays.     Thickets  and  moist  banks. 

4.  E.  philadelphicus,  L.  Perennial.  Rather  hairy ;  stems  slender, 
about  2  ft.  high;  root-leaves  spatulate  and  toothed;  stem-leaves 
usually  entire  and  strongly  clasping,  sometimes  with  a  heart-shaped 
or  eared  base  ;  heads  several,  small,  long-petioled  ;  rays  exceedingly 
numerous,  thread-like,  reddish-pürple  or  flesh-color.    In  damp  soll. 

m.    COREOPSIS,  L. 

Annual  or  perennial  herbs.  Leaves  opposite  or  the  npper 
alternate,  entire  or  pinnately  divided.  Heads  radiate,  solitary 
or  coryrabed,  many-fiowered ;  bracts  in  2  rows  of  about  8  each, 
the  inner  membranaceous  and  appressed,  the  outer  narrower 
and  spreading ;  receptacle  chaffy.  Ray-flowers  neutral ;  disk- 
flowers  tubulär,  perfect.  Akenes  compressed,  oval  to  oblong, 
often  winged.     Pappus  of  2  scales  or  bristles,  or  wanting.* 

1.  C.  tinctoria,  Nutt.  Garden  Coreopsis.  Annual.  Stem  erect, 
smooth,  branched,  2-3  ft.  high.  Leaves  2-3  times  pinnately  divided, 
the  divisions  linear,  lower  leaves  petioled,  the  upper  often  sessile  and 
entire.  Heads  1-1  ^  in.  wide,  on  slender  peduncles ;  inner  bracts 
brown  with  scarious  margins,  outer  bracts  very  short.  Ray-flowers 
about  8,  yellow  with  a  brown  base,  3-lobed  at  the  apex.  Akenes 
linear.     Pappus  minute  or  none.     Common  in  gardens.* 

2.  C.  lanceolata,  L.  Tickseed.  Perennial;  stem  slender,  erect 
or  ascending,  smooth  or  slightly  downy  below,  simple,  9-15  in,  high. 
Leaves  opposite,  the  lower  spatulate  to  elliptical,  sometimes  lobed, 
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on  long,  hairy-fringed  petioles,  the  Upper  lanceolate,  sessile.  Heads 
few,  on  long  peduncles ;  bracts  ovate-lanceolate,  the  outer  narrower. 
Ray-flowers  6-10,  rays  3-ö-lobed,  bright  yeUow.  Akenes  oval, 
broadly  winged,  warty.  Pappus  of  2  teeth.  On  rieh,  dry  seil  S. 
Äiid  E* 

3.  C.  auriculatAy  L.  Running  Tickseed.  Perennial ;  stein  ascend- 
ing  or  decumbent,  weak,  smooth,  nearly  simple,  6-15  in.  long. 
Leaves  ovate  to  oval,  entire  or  with  2-4  small  and  rounded  lobes  at 
the  base,  downy,  long-petioled.  Heads  1-1 J  in.  wide,  few  or  Single ; 
outer  bracts  narrower  than  the  inner.  Rays  6-10,  mostly  4-toothed 
at  the  apex  ;  chaff  as  long  as  the  flowers.  Akenes  oblong,  the  wings 
narrow  and  thickened.    Pappus  of  2  minute  teeth.    In  rieh  woods.* 

IV.    RUDBECKIA,L. 

Perennial  'or  biennial.  Leaves  altemate,  entire  or  lobed. 
Heads  radiate,  long-peduncled,  many-flowered ;  bracts  imbri- 
cated  in  2-3  series,  spreading ;  receptacle  convex  or  long-coni- 
cal,  with  concave,  ehaffy  scales.  Ray-flowers  yellow,  neutral ; 
disk-flowers  purple  to  brown,  perfect.  Akenes  smooth, 
4-angled,  truncate.     Pappus  a  few  short  teeth  or  wanting.* 

1.  R.  hirta,  L.  Cone-flower.  Annual  or  biennial;  stem  erecU 
rough-hairy,  simple  or  branched,  2-3  ft.  high.  Leaves  lanceolate  to 
oblong,  thick,  obscurely  serrate,  rough-hairy,  3-ribbed,  the  lower 
petioled,  the  upper  sessile.  Heads  few,  long-peduncled;  bracts 
rough-hairy,  spreading.  Ray-flowers  10-20,  orange-yellow ;  disk- 
flowers  purplish  brown.  Chaff  acute,  hairy  at  the  apex.  Pappus 
none.     On  di'y,  open  ground. 

V.    HELBNIUH,  L. 

Annual  or  perennial.  Leaves  alternate,  forming  wings  on 
the  stem.  Heads  radiate,  peduncled,  many-flowered ;  bracts 
in  2  series,  the  outer  linear  and  spreading,  the  inner  few  and 
scale-like;  receptacle  naked,  convex  or  oblong.  Ray-flowers 
pistillate  and  fertile,  or  neutral,  the  rays  wedge-shaped,  3-5- 
lobed;  disk-flowers  perfect,  tubulär,  4-^-lobed.  Akenes  top- 
shaped,  hairy,  ribbed.  Pappus  of  4-5  entire,  toothed  or  awned 
scales.* 

1.  H.  nudiflorum,  Nutt.  Sneezeweed.  Perennial;  stem  slender, 
erect,  downy,  branched  above,  1-2  ft.  high.  Leaves  lanceolate>. 
entire  or  slightly  toothed,  the  lower  petioled,  the  upper  sessile. 
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Heads  numerous.  Ray-flowers  10-15,  neutral,  yellow  or  yellow  and 
brown  ;  disk-flowers  purple.  Akenes  hairy  on  the  ribs ;  pappus  of 
ovate,  minutely  toothed,  awned  scales.    Common  on  river  banks  S.* 

VI.    AirTHEMIS,L. 

Aromatic  or  ill-scented  herbs.  Leavea  iinely  pinnately 
divided.  Heads  many-flowered,  with  ray-flowers.  Kays  pis- 
tillate  or  neutral.  Involucre  of  many  small,  dry,  close-pressed 
scales.  Akenes  nearly  cylindrical,  generally  ribbed;  barely 
CTOwned  or  naked  at  the  summit. 

1.  A.  Cotnla,  DC.  Mayweed,  Doo-fennel.  Leaves  irregularly 
cut  into  very  many  narrow  segments.  Heads  small,  produced  all 
Summer.  Disk  yellow.  Rays  rather  short,  white,  neutral.  A  low, 
offensive^meUing  annual  weed,  by  roadsides  and  in  barnyards. 

Vn.    ACHILLEA,  L. 

Perennial ;  leaves  alternate,  pinnately  divided.  Heads  with 
ray-flowers  in  a  terminal  eorymb ;  involiicral  bracts  imbricated 
in  several  series,  the  outer  shorter;  receptacle  chaffy.  Ray- 
flowers  white  or  pink,  pistillate  and  fertile ;  disk-flowers  per- 
fect,  tubulär,  ö-lobed.  Akenes  oblong,  compressed,  slightly 
margined.     Pappus  none.* 

1.  A.  Mülefolinm,  L.  Yarrow.  Sterns  often  clustered,  erect 
from  a  creeping  rootstock,  simple,  downy  or  wooUy,  1-2  ft.  high. 
Leaves  lanceolate  or  oblong,  the  segments  iinely  cut  and  divided, 
smooth  or  downy,  the  lower  petioled,  the  upper  sessile.  Heads 
smaU,  numerous,  in  flat-topped  corymbs ;  bracts  downy.  Ray-flowers 
4-5,  white  or  pink,  rays  3-lobed  at  the  apex.    Common  in  old  fields.* 

Vm.    CHRYSANTHEMUM,  Toum. 

Perennials,  with  toothed,  pinnately  cut  or  divided  leaves. 
Heads  nearly  as  in  the  Änthemis,  except  that  the  ray-flowers 
are  pistillate. 

1.  C.  Leucanthemum,  L.  Oxete  Daisy,  Whiteweed,  Bull's- 
EYE,  Sheriff  Pink.  Stem  erect,  unbranched  or  nearly  so,  1-2  ft. 
high;  rootr-leaves  oblong-spatulate,  petioled,  äeeply  and  irregularly 
toothed ;  stem-leaves  sessile  and  clasping,  toothed  and  cut,  the  upper- 
most  ones  shading  of!   into  bracts.     Heads  terminal  and  solitary, 
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large  and  showy,  with  a  yellow  disk  aad  many  white  rays.  A  trouble- 
some  but  handsome  perennial  weed.  Introduced  from  Europa, 
chiefly  E. 

2.  C.  frutescens,  L.  Margüerite.  Erect,  branching,  perennial, 
Woody  below,  smooth,  and  with  a  pale  bloom.  Divisions  of  the 
leaves  linear,  with  the  npperraost  leaves  often  merely  S-cleft  bracts. 
Heads  long-peduncled,  showy,  with  a  yellow  disk  and  large,  spread- 
ing  white  rays.    Cultivated  in  greenhouses ;  from  the  Canary  Islands. 

IX.    SENECIO,  Totun. 

Annual  or  perennial ;  stems  often  hoUow.  Leaves  altemate, 
entire  or  pinnately  divided.  Heads  with  or  without  rays,  in 
terminal  corymbs ;  bracts  mostly  in  a  Single  row,  often  with  a 
f ew  shorter  ones  at  the  base ;  receptacle  naked  or  pitted.  Ray- 
flowers  yellow  or  orange,  pistillate  and  fertile  when  present ; 
disk-flowers  tubulär,  perfect.  Akenes  eylindrical  or  com- 
pressed,  not  beaked  or  winged,  5-10-ribbed,  downy.  Pappus 
of  numerous,  slender,  white  hairs.* 

1.  S.  tomentosus,  Michx.  Woollt  Ragweed.  Perennial;  wooUy 
throughout ;  stem  stout,  erect,  mostly  simple,  2-3  ft.  high.  Lower 
leaves  ovate  to  oblong,  crenate  or  entire,  obtuse,  long-petioled;  stem- 
leaves  f  ew,  elliptical  to  oblanceolate,  serrate  or  toothed,  acute,  sessile. 
Heads  radiate,  }  in.  wide,  on  slender  peduncles;  bracts  narrow, 
becoming  smooth.  Ray-flowers  12-15,  yellow.  Akenes  hairy.  On 
damp  soll.* 

2.  S.  aureus,  L.  Golden  Ragweed.  Perennial ;  stems  often 
tufted,  erect,  slender,  wooUy  when  young,  branched  above,  18-30  in. 
high.  Lower  leaves  broadly  ovate,  obtUBe  at  the  apex,  heartrshaped 
at  the  base,  crenate,  long-petioled ;  stem-leaves  lanceolate  and  often 
pinnatiiid,  the  upper  small  and  sessile.  Heads  radiate,  corymbed, 
on  slender  peduncles;  ray-flowers  8-12,  bright  yellow.  Akenes 
smooth.     On  wet  soil ;  very  variable.* 

3.  S.  lobatus,  Pars.  Butterweed.  Annual ;  stem  erect,  ridged, 
hoUow,  often  wooUy  when  young,  and  becoming  smooth  with  age, 
branched  above,  1-3  ft.  high.  Leaves  lyrate-pinnatifid,  thin,  the 
lower  petioled,  the  upper  sessile.  Heads  radiate  in  a  terminal 
corymb ;  bracts  linear,  acute.  Ray-flowers  about  12,  yellow. 
Akenes  slightly  rough-hairy  on  the  angles.  Pappus  rough,  longer 
than  the  involucre.     Common  on  low  ground.* 
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X.    CBNTAÜREA.L. 

Herbs.  Leaves  entire  or  cut,  often  spiny-toothed.  Heads 
Single;  involucre  ovoid  or  globose  (Fig.  22);  bracts  closely 
overlapping,  entire,  dry  and  membranaceous.  Corollas  all 
tubulär,  oblique  or  2-lipped,  infiated  above;  tbe  outer  ones 
usually  larger  and  neutral,  the  inner  flowers  perfeet ;  lobes  6, 
slender.    Akeues  flattened.    Pappus  hairs  short,  slender,  rough. 

1.  C.  Cyanas,  L.  Bachelor's  Button.  Stern  erect,  slender, 
grooved,  1-2  ft.  high,  somewhat  branched.  Leaves  acute,  sessile, 
narrow,  entire  or  few-lobed.  Peduncles  covered  with  cottony  wool. 
Heads  ^-1  in.  in  diameter,  cobwebby.  Ray-like  flowers  few,  large, 
bright  blue  or  pink  ;  those  of  the  disk  smaller.  Cultivated  from 
Europe  aüd  escaped  from  gardens. 


XI.    CIRSIUH,  Touin. 

Biennial  or  perennial;  stem  erect,  simple  or  branched. 
Leaves  altemate,  prickly,  often  forming  wings  on  the  stem. 
Heads  discoid,  terminal  and  solitary  or  corymbed,  many-flow- 
ered;  bracts  overlapping  in  many  series,  the  outer  shorter, 
usually  spine-pointed ;  receptacle  bristly.  Corollas  purplish 
or  nearly  white,  the  tube  slender,  deeply  5-cleft.  Akenes 
oblong,  4-angled,  smooth  or  ribbed.  Pappus  of  numerous 
simple  or  plumose  bristles.* 

1.  C.  altissimum,  Spreng.  Tall  Thistle.  Perennial  or  bien- 
nial ;  stem  stout,  very  leafy,  downy  or  wooUy,  branched  4-10  ft. 
high  ;  leaves  rough-downy  above,  hoary  beneath,  fringed  with  fine 
prickles,  not  forming  wings  on  the  stem,  the  lower  petioled  and 
often  pinnately  cut,  the  Upper  sessile  and  entire.  Heads  ovoid,  1  in. 
in  diameter  ;  bracts  viscid,  webby  when  young,  all  except  the  inner 
ones  tipped  with  weak  and  spreading  bristles.  Flowers  light  purple. 
Common  in  fields,  woods,  and  waste  places.* 

2.  C.  horridulum,  Michx.  Yellow  Thistle.  Biennial  or  peren- 
nial ;  stem  erect,  stout,  woolly  when  young,  becoming  smooth,  often 
purple,  branched  IS  ft.  high.  Leaves  pinnately  cut,  with  very 
spiny  teeth,  mostly  sessile  and  clasping,  smooth  and  green  on  both 
sides.  Heads  large,  surrounded  by  a  whorl  of  linear-oblong,  comb- 
like  leaves ;  involucral  bracts  linear,  ciliate,  not  spine-tipped.  Flowers 
purple  or  yellowish.     On  sandy  soll  E.  and  S.* 
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n.     LI6ÜLIFL0RJB. 

Xn.    KRI0IA,  Sclmber. 

Small,  annual  or  perennial  herb.  Leaves  mostly  radical, 
toothed  or  lyrate.  Heads  several-many-flowered ;  scales  of 
the  involucre  about  2-rowed,  thin.  Akenes  short,  truncate. 
Pappus  in  2  rows,  the  outer  one  of  thin,  blunt,  chaflEy  scales, 
the  inner  one  of  slender  bristles.     Corollas  yellow. 

1.  K.  yirginica,  Willd.  Annual ;  scapes  usually  2-5  from  one 
root,  slender.  Leaves  mostly  Ijrate,  smooth  and  with  a  bloom,  the 
earlier  ones  rounded  or  spatulate.  Scales  of  the  involucre  linear- 
lanceolate,  nearly  equal,  spreading.  Akenes  top^haped,  reddiah- 
brown,  crowned  with  5  wedge-obovate  scales  and  5  rough  white 
bristles. 

2.  K.  Dandelion,  Nutt.  Perennial,  from  slender  tuber-bearing 
roots.  Scapes  leailess,  6-18  in.  high.  Leaves  entire  or  nearly  so, 
varying  from  spatulate-oblong  to  linear-Ianceolate.  Akenes  more 
slender  than  in  No.  1.  Pappus  consisting  of  10-15  small,  oblong, 
chaffy  scales  and  15-20  bristles.     In  moist  ground,  especiaDy  S. 

3.  K.  amplezicaulis,  Nutt.  Stem  12-18  in.  high,  often  2-3  from 
the  same  root,  mostly  2-forked  or  3-forked  at  the  summit  Root- 
leaves  3-6  in.  long,  lanceolate,  entire,  toothed  or  rarely  pinnately 
cut,  clasping  at  the  base  ;  stem-leaves  1-3.  Akenes  and  pappus 
about  as  in  No.  2.     Moist  banks. 

Xm.    CICHORIUM,  L. 

Perennial  herbs  with  spreading  branches ;  juice  milky. 
Leaves  radical  and  alternate,  toothed  or  pinnately  cut.  Heads 
axillary ;  involucre  cylindrical,  bracts  in  2  rows,  the  inner 
row  erect,  coherent  at  the  base,  the  outer  shorter ;  leceptacle 
flattish.  Corollas  blue,  pale  pink,  or  yellow.  Upper  pari  of 
the  style  and  its  slender  arms  hairy.  Akenes  crowded  on  the 
hardened  receptacle,  firmly  covered  by  the  stiff  involucre, 
obovoid  or  top-shaped,  not  beaked.  Pappus  1  or  2  rows  of 
short  scales. 

1.  C.  Intybus,  L.  Chicory,  Blue  Dandelion,  Blue  Sailors. 
Root  very  long,  stout,  and  fleshy.  Stem  1-3  ft.  high,  angled  and 
grooved  ;  branches  straight  and  stiff.  Root-leaves  and  lower  stem- 
leaves  runcinate ;  upper  stem-leaves  oblong  or  lanceolate,  clasping, 
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those  of  the  branches  reduced  to  bracts.  Flowers  very  showy, 
UBually  bright  blue,  rarely  pinkish-white.  Introduced  f  rom  Europe ; 
a  troublesoine  weed  in  grass-lands  and  common  in  waste  places, 
particularly  in  New  England. 

XIV.  HIERACIUM,  L. 

Perennial  herbs,  often  covered  with  glandulär  or  star-sbaped 
hairs ;  juice  milky.  Leaves  alternate.  Heads  solitary,  or  in 
corymbs  or  panicles ;  bracts  of  the  involucre  many,  overlap- 
ping,  unequal;  receptacle  flattish,  naked,  pitted.  Corollas 
yellow,  rarely  orange;  ai*ms  of  the  style  slender  and  upper 
part  of  the  style  hairy.  Akenes  angled  or  grooved,  not  beaJ^ed. 
Pappus  hairs  in  a  Single  row,  simple,  stifF,  tawny,  or  brownish, 
brittle. 

1.  H.  yenosum,  L.  Rattlesxake  Weed.  Stem  scape-like, 
usually  leafless  or  nearly  so,  sroooth,  1-2  ft.  high.  Root-leaves  2-5 
in.  long,  obovate  or  ovate-oblong,  generally  purple-veined.  Heads 
rather  large,  yellow,  in  a  loose  panicled  corymb.  Dry  hills  and 
roadsides,  and  in  pine  woods  £. 

XV.  LEOHTODON,  L. 

Perennial,  scape-bearing  herbs;  juice  milky.  Leaves  all 
radical,  toothed  or  pinnatifid,  often  runcinate.  Heads  on 
simple  or  branched  scapes,  yellow;  bracts  of  the  involucre 
many,  in  several  rows,  the  anther  sraaller;  receptacle  flat, 
naked.  Arms  of  the  style  linear,  obtuse,  hairy,  Akenes  cylin- 
drical,  grooved,  transversely  wrinkled;  beak  short;  pappus 
hairs  stiff,  in  1  or  2  rows. 

1.  L.  autumnalis,  L.  Scape  usually  branching,  5-15  in.  high, 
bracted;  peduncles  enl.xrged  above.  Rootstock  truncate.  Heads 
H-l  in.  or  more  in  diameter;  involucre  top-shaped  or  bell-shaped. 
Pappus  of  a  Single  row  of  tawny  hairs.  Fields  and  roadsides, 
especially  N.  E.     Introduced  from  Europe. 

XVI.     TARAXACUM,  Haller. 

Stemless,  perennial  or  biennial  herbs.  Leaves  in  a  flattish 
tuffc,  pinnately  cut  or  runcinate  (Fig.  38).  Head  many- 
flowered,  large,  solitary,  yellow,  borne  on  a  hoUow  scape,  which 
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is  Short  at  first  but  lengthens  after  flowering.  Involucre  com- 
posed  of  a  single  row  of  long,  erect,  inner  scales  and  a  set  of 
much  shorter  ones  outside  and  at  the  base  of  the  former  ones. 
Akenes  cylindrical  or  spindle-shaped,  with  4-5  rough  ribs,  the 
apex  tapering  into  a  bristle-like  beak  which  bears  a  short, 
broadly  conical  tuf t  of  soft  white  hairs. 

1.  T.  officinale,  Weber.  Dandelion.  -  Outer  involucre  reflexed  ; 
inner  involucre  closing  over  the  head,  after  the  flowers  are  withered, 
and  remaining  shut  f or  some  days,  then  opening  and  allowing  the 
akenes  to  form  a  globular  head.  Root  stout,  bitter,  medicinal. 
Young  leaves  eaten  as  a  pot-herb  ("greens")  in  spring — the  plant 
often  cultivated  for  the  leaves  by  market-gardeners. 

XVn.  PTRRHOPAPPUS,  DC. 

Annual  or  biennial ;  stem  erect,  leafy  below,  nearly  naked 
above,  smooth.  Leaves  oblong,  toothed  or  pinnatifid.  Heads 
large,  long-peduncled ;  involuci*e  cylindrical  or  spreading,  the 
inner  row  of  bracts  erect,  united  at  the  base,  the  outer  rows 
shorter  and  spreading;  receptacle  naked.  Flowers  yellow; 
rays  trimcate,  5-toothed  at  the  apex.  Akenes  oblong,  5-ribbed, 
narrowed  above  into  a  long  and  slender  beak;  pappus  soft, 
tawny,  with  a  short,  soft-hairy  ring  at  the  base.* 

1.  P.  carolinianus,  DC.  False  Dandeliok.  Annual  or  bien- 
nial ;  stem  glabrous,  f urrowed,  branched  above,  2-3  f t.  high.  Lower 
leaves  lanceolate  to  oblong,  entire,  toothed  or  pinnatifid,  narrowed 
into  a  margined  petiole,  the  upper  sessile,  bract-like,  entire.  Heads 
few,  long-peduncled,  peduncles  and  involucre  sometimes  finely 
downy;  inner  bracts  calloused  at  the  apex,  the  outer  awl-shaped 
and  spreading.  Akenes  much  shorter  than  the  thread-like  beak. 
Common  in  fields.*  ^ 

XVm.    LACTUCA,  Tourn. 

Annual,  biennial,  or  perennial ;  stems  leafy.  Leaves  entire 
to  pinnately  cut.  Heads  panicled;  involucre  cylindrical, 
bracts  unequal,  overlapping  in  2  or  raore  rows,  the  outer 
shorter;  receptacle  naked.  Flowers  bluej  yellow,  or  white; 
rays  truncate,  5-toothed  at  the  apex.  Akenes  compressed, 
ribbed,  the  apex  contracted  into  a  slender  beak,  which  is 
enlarged  into  a  disk  bearing  the  soft,  hairy,  white  or  tawny 
pappus.* 
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1.  L.  caxiadeiiBis,  L.  Wild  Lbttuce.  Biennial ;  stein  erect, 
smooth,  hollow,  branched  above,  3-10  ft.  high.  Leaves  lanceolate 
to  spatulate,  pale  beneath,  the  lower  petioled  and  pinnately  cut,  the 
Upper  sessile,  clasping,  and  nearly  entire.  Heads  numerous,  abont 
20-flowered.  Flowers  yellow ;  akenes  oval,  flat,  1-ribbed  on  each 
side,  minutely  roughened,  about  as  long  as  the  beak.  Pappns 
white.     In  waste  places.* 

2.  L.  acuminata,  Gray.  Blue  Lettuce.  Stern  yery  leafy, 
smooth,  paniculately  branched  above,  3-6  ft.  high.  Leaves  ovate  to 
lanceolate,  taper-pointed,  often  hairy  beneath,  the  lower  on  winged 
petioles  and  often  sinuate-lobed,  the  npper  sessile.  Heads  racemed, 
on  divergent  and  bracted  peduncles.  Flowers  blue.  Akenes  süghtly 
compressed,  beak  very  short.     Pappus  white.     In  waste  places.* 

XDL    SONCHUS,  L. 

Annual  or  perennial.  Leaves  mostly  toothed  or  pinnately 
cut,  prickly  inargined.  Heads  in  corymbs  or  panicles ;  bracts 
in  several  series,  the  outer  shorter ;  receptacle  naked.  Flowers 
yellow,  rays  tnmcate,  5-toothed  at  the  apex.  Akenes  oval  to 
oblong,  compressed,  ribbed,  truncate  at  the  apex.  Pappus  of 
numerous  soft  white  hairs.* 

1.  8.  dleraceus,  L.  Sow  Thistle.  Annual ;  stem  erect,  branched, 
smooth,  2-6  ft.  high.  Leaves  spiny-toothed,  the  lower  long-petioled, 
very  irregularly  cut  or  pinnatifid,  the  upper  clasping  by  an  eared 
base.  Involucre  downy  when  young.  Akenes  channeled  and  trans- 
versely  wrinkled.     In  waste  places  on  very  rieh  soil.* 

2.  S.  asper,  Vill.  ,  Spiny  Sow  Thistle.  Annual;  stem  erect, 
smooth,  branched  but  little,  2-6  ft.  high.  Leaves  undivided,  spatu- 
late  to  oblanceolate,  fringed  with  spiny  teeth,  the  lower  narrowed 
into  a  petiole,  the  Upper  clasping  by  an  eared  base,  the  ears  rounded. 
Heads  numerous  ;  involucre  glabrous.  Akenes  flattened,  margined, 
3-nerved  on  each  side,  smooth.     In  waste  places.* 


GLOSSARY 

OF  TECHNICAL  TERMS  USED  ONLY   IN  THE   FLORA 


Abortive,  imperfectly  developed. 
Appreflsed,  lying  fUtt  throughout  it» 

length,   used  of  such  parts  as 

bracts. 
Awl-shaped,  narrow  and  tapering 

to  a  point. 
Awned,  having  a  brisÜe-Uke  ap- 

pendage. 
AwnleaB,  not  awned. 

Capitata,  (1)  having  a  round  head 

like  the  stigma  of  a  primrose ; 

(2)  growing  in  heads. 
Carpellary,  relaüng  to  a  carpel. 
Chaff,    small  membranons  scales, 

such  ajB  are  found  on  disks  of 

CompoBüfB. 
Clasping,  partly  surrounding  the 

Stern,  Said  of  the  bases  of  leaves. 
Claw,  the  narrowed  base  of  a  petal. 
Cleft,  cut  halfway  down. 
Coated  (bulbs),  those  with  scales 

which  completely  cover  them,  as 

in  the  onion. 
Cone,  the  fruit  of  pines,  etc.,  with 

ovule-bearing  scales. 
Connate,  united,  said  of  opposite 

leaves  which  appear  as  if  grown 

together  at  their  bases. 
Cordate,  heart-shaped. 
Corm,  a  bulb-like,  fleshy  stem  or 

base  of  astem. 


Crown,  an  hiner  appendage  to  a 
petal  or  to  the  throat  of  the  co- 
rolla. 

Deciduous,  f alling  as  petals  do  after 
blossoming,  or  as  leaves  of  most 

trees  except  evergreens  do. 
Declined,  directed  obliquely. 
Decumbent,  reclining,  but  with  the 

summit  somewhat  erect. 
Dehiscent,  Splitting    into  deflnite 

parts. 
Diffuse,  spreading  widely  or  loosely . 
Disk,  (1)  an  outgrowth  of  the  re- 

ceptacle    within    the    calyx   or 

within  the  coroUa  and  stamens ; 

(2)  the  central  part  of  the  head 

(all  but  the  rays)  in  CompositCR. 
Dissected,   deeply  divided  or  cut 

into  many  segments. 
Drupe,  a  stone-fruit  such  as  a  peach 

or  a  plum. 

Equitant,  leavea  astride  of  tfioae 
within  them^  thus  appearing  in  a 
cross-section  like  the  diagram, 
<«. 

Even-pinnate,abruptly  pinnate,i.e. , 
with  uo  leaflet  at  the  end. 

Fascicle,  a  cloee  Cluster  or  bündle 
offlowers,  Ir  rroot«. 
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Fertile,  capable  of  producing  fniit ; 

fertile  flowers,  thoee  which  have 

piBtiLs. 
Filiform,  thread-ßhapedL 
Fleshy,  succulent,  thick  and  füll  of 

Bap. 
FuniculuB,  the  Utile  stalk  which 

connects  a  seed  or  ovule  wlth  the 

placenta. 

Glaiid,  (1)  astructure  which  secretes 
something,  os  the  knobs  on  the 
hairs  of  sundew ;  (2)  any  knob 
or  swelling. 

Herbaceous,  with  no  stein  above- 
ground  which  lives  through  the 
Winter,  not  woody  or  ahrubby. 

Indefinite,  too  many  to  be  easily 

counted. 
Indehiscent,  not  Splitting  open  reg- 

ularly. 
Involucrate,  provided  with  an  in- 

volucre. 

Keel,  the  two  anterior  and  united 
petals  of  a  papilionaceous  coroUa. 

Key,  a  winged  fruit  like  that  of  the 
ash  or  maple. 

Limb,  the  border  or  spreading  part 
of  a  gamopetalous  calyx  or  co- 
roUa. 

Lobed,  having  divisions,  especially 
rounded  ones. 

Nerved,  having  simple  or  un- 
branched  veins  or  slender  ribs. 

Ob,  in  composition,  signifies  in- 
versely,  as  obcordate,  inversely 
heartHshaped. 


Odd-pinnate,  pinnate  with  a  Single 
leaflet  at  the  end  of  the  midzib. 

Palate,  a  projection  in  the  thioat 

of  a  corolla. 
FapiUonaceoos,    butterfly  -  shaped, 

like  the  corolla  of  the  sweet  pea. 
FapUlose,  covered  with  papills  or 

minute     projections,     like    the 

homan  tongue. 
Fappus,  tufts  of  hair  or  other  ob- 

jects,  representing  the  limb  of  the 

calyx  in  ComposUcR. 
Perfoliate,   with  the  stem  appar- 

ently  growing  up  through  a  leaf, 

SB  in  aome  honeysuckles. 
Persistent,  not  deciduoua. 
Pinnatifid,  pinnately  cleft 
Pistillate,   having  pistils  but  not 

stamens. 
Fubescent,  clothed  with  soft  bair, 

downy. 
Punctate,   marked  with  dots,  de- 

pressions,  or  translucent  glands. 

Radical,  arising  from  the  root  or  a 
very  short  stem  at  its  summit,  as 
the  leaves  of  the  dandelion. 

Beilezed,  beut  or  tumed  abruptJy 
downward  or  backward. 

Boot-parasite,  a  plant  parasitic  on 
the  roots  of  another. 

Sagittate,  anow-shaped. 

Scape,  a  leafless  flower-stalk  aris- 
ing from  the  ground,  as  in  the 
dandelion  and  cyclamen. 

Scarious,  thin,  dry,  and  membra- 
nous,  not  green. 

Sessile,  without  a  stalk. 

Simple  (stem),  unbranched. 
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Spadix,  a  spike  with  a  fleehy  axis, 
like  that  of  the  Tndian  turnip  or 
the  "calla." 

Spathe,  a  large  bract  which  encloses 
a  flower-cluster,  of ten  a  spadix. 

Staminate,  having  stamens  ouly. 

Standard,  the  posterior  petal  of  a 
papilionaceous  corolla. 

Sterile,  (1)  barren,  as  a  flower  with- 
out  a  pistil  or  an  antherless  sta- 
nden ;  (2)  staminate  or  male,  said 
of  flowers. 

Striate,  marked  with  fine  longitudi- 
nal  parallel  lines. 

Sub-  (in  composition),  somewhat,  as 
subglobose. 

Subtend,  to  extend  beneath,  as  a 
bract  in  the  axil  of  which  a 
flower  is  bome. 

Succulent,  fleshy  or  juicy. 

Three-ranked,  with  three  vertical 
rows  on  a  stem  or  axLs. 


Throat,  the  top  of  the  tubulär  part 

of  a  gamopetalous  corolla. 
Truncate,    appearing    as    if    cut 

squarely  off,  as  the  leaves  of  the 

tuUp-tree. 
Tubercled,    covered    with    warty 

growths. 
'lubercular,    having  tubercles,  or 

like  a  tubercle. 
Two-ranked,    with   three  vertical 

rows  on  a  stem  or  axis. 

Utricle,  a  small  bladdery  ovary- 
wall. 

Yersatile,  tuming  freely  on  its  Sup- 
port, as  an  anther  on  its  filament. 

Whorled,  arranged  in  a  circle 
around  an  axis,  as  the  leaves  of 
some  lilies. 

Wings,  the  side-petals  of  a  papilio- 
naceous flower. 
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Abies,  17. 
Abatilon,  148. 
Acanthacese,  210. 
Acanthus  Family,  210. 
Acer,  141. 
Aceracese,  140,  141. 
Achillea,  231. 
Aconitaxn,  80. 
Acorus,  26. 
Actsa,  79. 
AdderVtongue,  36. 
Adlumia,  92. 
iEscuIuB,  142. 
Agrostemma,  78. 
Aizoacese,  69. 
Alder,  55,  139. 
Alfalfa,  124. 
Alisma,  21. 
AlisinaceaB,  21. 
Alleghany  Vine,  92. 
Alliam,  34. 
Alnas,  54,  55. 
Alam  Boot,  103. 
Alyssum,  08,  99. 
AmaryllidacesB,  42. 
Amaryllls  Family,  42. 
Amelanchier,  110. 
American  Aspen,  47. 
Amianthium,  32,  33. 
Amorpha,  126. 
Ampelopsis,  146. 
Amsonia,  178,  179. 
Anagallis,  174. 
Anarcardiace»,  137. 


Andromeda,  168. 
Anemone,  80,  81. 
Anemone,  Rae,  82. 
Anemonella,  82. 
Angiosperms,  20. 
Anonacese,  88. 
Anthemis,  231. 
Antirrhinum,  203. 
Apetalous  Division,  6. 
Aphyllon,  208. 
Apocynacese,  178. 
Apocynum,  179,  180. 
Apple,  109. 
AquifoUaceaB,  138. 
Aquilegia,  79. 
Arabis,  98. 
AraceaB,  23. 
Aralia,  157,  158. 
Araliacese,  157. 
Arbor  Vita,  18. 
Arbutus,  Trailing,  169. 
Arctostaphylos,  169. 
Arissema,  24,  25. 
Aristolochia,  65. 
AristolochiacesB,  64,  65. 
Arrowhead,  22. 
Arrowwood,  216,  217. 
Amm  Family,  23. 
Asaram,  65. 

AsclepiadacesB,  180,  181. 
Asclepias,  181,  182. 
Ash,  134,  175. 
Ash,  Mountain,  109. 
Asimina,  88. 
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AsparagoB,  88. 
Asp,  Quaking,  47. 
Aspen,  American,  47. 
Astragalus,  127,  128. 
Atamasco  Lily,  48. 
Avens,  114,  116. 

Babies*  Toes,  134. 
Bachelor*8  Button,  238. 
Bald  Cypress,  18. 
Balsam,  143. 
Balsam  Family,  143. 
Balsam  Fir,  17. 
BalsamlnacesB,  143. 
Bamboo-vine,  42. 
Baneberry,  79. 
Baptisia,  122. 
Barberry,  84. 
Barberry  Family,  84. 
-Barren  Strawberry,  113. 
Basswood,  147. 
Bastard  Toad-flax,  64. 
Bayberry,  49. 
Bayberry  Family,  49. 
Beaked  Hazelnut,  63. 
Bearberry,  169. 
Bedstraw,  216. 
Beech,  66. 
Beech  Family,  66. 
Beggar*8  Lice,  190. 
Begonia,  162,  163,  164. 
Begoniacese,  162. 
Begonia  Family,  162. 
Bell  Flower,  223. 
Bell  Flower  Family,  223. 
Bellis,  228. 
Bellwort,  33. 
Benjamin,  41. 
BerberidacesB,  84. 
Berberis,  84,  86. 
Berchemia,  144. 


Betnla,  68,  64. 
Betulace»,  61. 
Bignonia,  206. 
BignonJacee,  206. 
Bignonia  Family,  206. 
Bindweed,  184. 
Birch,  63,  64. 
Birch  Family,  61. 
Bird's  Pepper,  94. 
Bishop's  Cap,  103. 
Bitter  Cresa,  97. 
Bittersweet,  139, 199. 
Black  Alder,  139. 
Blackbeny,  112. 
Black  Gum,  164. 
Black  fiaw,  217. 
Black  Walnat,  60. 
Bladder-nut,  140. 
Bladder-nat  Family,  140. 
Bladderwort,  209,  210. 
Bladderwort  Family,  209. 
Bleedtbg  Heart,  92. 
Bloodroot,  90. 
Blue  Beech,  62. 
Bluebell,  187. 
Blaebells,  190. 
Blueberry,  170. 
Blae  Cohosh,  86. 
Blae  Dandellon,  284. 
Blae  Devils,  191. 
Blue  Flag,  46. 
Blue  Sailors,  284. 
Blue  Thistle,  191. 
Bluets,  213. 
Blue  Yalerian,  187. 
Blueweed,  191. 
Borage  Family,  188. 
Borraginace»,  188. 
Boston  Ivy,  146. 
Bouvardia,  214. 
Box  Eider,  141. 
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Brassica,  95,  96. 
Breeches  Flower,  91. 
Bridal  Wreath,  108. 
Brooklime,  204. 
Broom-rape  Family,  208. 
Broussonetia,  62. 
Bninella,  196. 
Buck-bean,  178. 
Backeye,  142. 
Buckeye  Family,  142. 
Buckthom,  144. 
Buckthom  Family,  143. 
Buckwheat,  67. 
Buckwheat  Family,  66. 
Buffalo  Apple,  128. 
Buffalo  Pea,  128. 
Ball  Nut,  61. 
Bairs-eye,  231. 
Bulrush,  24. 
Bunch-berry,  163. 
Bor,  Buffalo,  200. 
Bur,  Sand,  200. 
Butter  and  £ggs,  203. 
Battercup,  83. 
Buttercup  Family,  77,  78. 
Buttemut,  60. 
Butterweed,  232. 
Button  Snakeroot,  169. 
Battonwood,  106. 

CactacesB,  164. 
Cactus  Family,  164. 
Calamus,  26. 
Calico  Bush,  168. 
Callicarpa,  193. 
Caltha,  78. 
Calycanthace»,  87. 
Calycanthus,  87,  88. 
Calycanthuß  Family,  87. 
Calystegia,  183,  184. 
Camassia,  86,  37. 


Campauula,  223. 
Campanulacese,  223. 
Campanula  Family,  223. 
Cancer  Root,  208. 
Cannabis,  62. 
Cantaloupe,  222. 
Caper  Family,  99. 
Capparidacese,  99. 
CaprifoliacesB,  216. 
Capsella,  98. 
Caraway,  160. 
Cardamine,  97. 
Camation,  76. 
Carpenter-weed,  196. 
Carpet-weed,  70. 
Caipinus,  61,  62. 
Carrion  Flower,  41. 
Carrot,  162. 
Carum,  160. 
Carya,  60,  61. 
Caryophyllace»,  71,  72. 
Castanea,  60. 
CastiUeia,  206. 
Catalpa,  207. 
Cat-brier,  42. 
Catchfly,  74. 
Catnip,  196. 
CaUtail,  20. 
CaUtail  Family,  20. 
Caulophyllum,  86. 
Ceanothus,  144,  146. 
Cedar,  18,  19. 
Celandine,  90. 
Celastracese,  139. 
Celastrus,  139. 
Celtis,  60. 
Centaurea,  233. 
Cerastium,  72. 
Cercis,  120. 
Cereus,  166. 
Chamselirium,  32. 
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Charlock,  06,  00. 
Cheeses,  148. 
Chelidoniiim,  00. 
ChoDopodiacese,  68. 
Chenopodium,  68,  60. 
Cherry,  117. 
Chestnut,  66. 
Chickweed,  72. 
Chickweed  Wintergreen,  173. 
Chicory,  234. 
Chimaphila,  164,  165. 
Chinese  Sacred  Lily,  43. 
Chinquapin,  66. 
Chinquapln,  Water,  76. 
ChionaDthus,  176,  177. 
Chocolate  Root,  115. 
Chokeberry,  100. 
Chokecherry,  117. 
Chokepear,  100. 
Chrysanthemum,  231,  232. 
Cichorium,  234. 
Cinquefoil,  114. 
Circaaa,  167. 
Cirsium,  233. 
Citrullus,  222. 
Citrus,  133. 
Cladrastis,  121. 
Claytonia,  70. 
Clematis,  82. 
Cleome,  100. 
Clove  Pink,  75. 
Clover,  124,  126. 
Cochlearia,  05. 
Coffee  Tree,  121. 
Cohosh,  85. 
Columbine,  70. 
Comandra,  64. 
Comfrey,  180. 
Commelina,  27. 
Commelinacese,  26. 
Compoait»,  224-228. 


Composite  Family,  224-228. 
Cone-flower,  230. 
Conifene,  13. 
Conopholis,  208. 
Conyallaria,  40. 
CouTolvulace»,  183. 
Convolvulus,  184. 
Convolvulus  Family,  183. 
Coptis,  70. 
Coreopsis,  220,  230. 
Comace»,  162. 
Com  Cookie,  73. 
Comel,  163. 
Com  Gromwell,  101. 
Corn  Salad,  221. 
ComuB,  162,  163. 
Corydalis,  03. 
Corylus,  52,  63. 
Cottonwood,  48. 
Cow  Lily,  77. 
Cow  Farsnip,  162. 
Cowslip,  78. 
Crab  Apple,  100. 
Cranberry,  171. 
Cranberry  Tree,  216. 
Cranesbill,  130. 
Crataegus,  110,  111. 
Creepers,  183. 
Creeping  Charley,  106. 
Cress,  07. 
Crinkle  Root,  07. 
Crocus,  46. 
Cross-yine,  206. 
Crowfoot,  83. 
Crowfoot  Family,  77,  78. 
Crown  Imperial,  36. 
Crown  of  Thoms,  136. 
Crow's  Foot,  07. 
Crow-victuals,  105. 
Crucifewe,  03,  04. 
Cucumber,  222. 
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Cacimiis,  222. 
Ciiciirbit&,  222. 
CocurMlaoeae,  221. 
Currant,  lOL 
Ciiscata,  183. 
Cydouia,  108. 
CynogloBsnm,  189. 
Cyperaoeae,  23. 
Cypress,  18,  137. 
CypreBB  Vine,  184. 
Cypripedium,  46. 
(^tisDS,  123. 

DafEodil,  43. 
Daffy,  43. 
Daisy,  228,  231. 
Dakota  Tnmip,  126. 
Dandelion,  236. 
Datura,  200,  201. 
Daucus,  162. 
Dayflower,  Virginia,  27. 
Day-lily,  34. 
Dead  Nettle,  106. 
Deerberry,  171. 
Delphinium,  80. 
Deutaria,  97. 
Deptford  Pink,  75. 
Desmanthus,  119,  120. 
Deutzia,  104. 
DeviPa  Bit,  32. 
Dewberry,  112. 
Dianthera,  211. 
Dianthus,  75. 
Dicentra,  91,  92. 
Dicotyledonous  Planta,  47. 
Diervüla,  219,  220. 
DiospyroB,  174. 
Dock,  66,  67. 
Dodecatheon,  171,  172. 
Dogbane,  180. 
Dögbane  Family,  178. 


Dogberry,  109. 
Dog-brier,  42. 
Dog-bnr,  189. 
Dog-fennel,  231. 
DogVtooth  Violet,  36. 
Dogwood,  163. 
Dogwood  Family,  162. 
D<^wood,  Foison,  138. 
Dragon  Root,  25. 
Dutchnuui*8  Breecbes,  91. 
Dutchman*8  Fipe,  65. 
Dutchman's  Fipe  Family,  64,  65. 

Ear  Drops,  92. 
Easter-flower,  43. 
Ebenace»,  174. 
Ebony  Family,  174. 
Echinocystis,  222. 
Echinospermum,  189,  190. 
Echium,  191. 
Eider,  215,  216. 
Eider,  WUd,  157. 
Elm,  60. 
Elm  Family,  59. 
Enchanter'8  Nightshade,  157. 
English  Ivy,  157. 
English  Walnut,  50. 
Epigsea,  169. 
Ericacese,  166,  167. 
Erigenia,  159,  160. 
Erigeron,  228,  229. 
Eryngium,  168,  159. 
Erythronium,  36. 
Escbscholtzia,  00. 
Euonymus,  189,  140. 
Euphorbia,  136,  137. 
EuphorbiacesB,  135. 
Eutoca,  188. 

Evening  Frimrose  Family,  166. 
Eyebright,  213. 
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Fagaces,  65. 
Fagus,  66,  66. 
Fairycup,  103. 
False  Buckwheat,  67. 
Falae  Dandelion,  236. 
Falae  Indigo,  126. 
False  Mitre-wort,  102. 
False  Spikenard,  38. 
Farkleberry,  171. 
Feverwort,  218. 
Field  Garlic,  34. 
Figwort  FamUy,  201,  202. 
Fir,  17. 
Fire  Pink,  74. 
Flag,  45,  46. 
Flar,  133. 
Flax  Famüy,  132. 
Fleabane,  229. 
Fleiir-de-lis,  46,  46. 
Flowering  Maple,  148. 
Flowering  Moss,  186. 
Fly  Poison,  33. 
Forget-me-not,  100,  191. 
Forsythia,  176. 
Fragaria,  113. 
Frazinus,  176. 
French  Mulberry,  193. 
Fringe  Cap,  103. 
Fringe  Tree,  177. 
Fritillaria,  36. 
Fuchsia,  166. 

Galium,  214,  216. 
Garden  Columbine,  79. 
Garden  Sage,  198. 
Garget  Root,  69. 
Garlic,  34. 

Gaylussacia,  169,  170. 
Gentianace»,  177. 
Gentian  Family,  177. 
Geraniacese,  129,  130. 


Geraniam,  130,  131. 
Geranium  Family,  120,  130. 
Geum,  114,  116. 
GiU-over-the-ground,  196. 
Gülyflower,  99. 
Ginseng  Family,  167. 
Gleditschia,  121. 
Golden  Alexanders,  161. 
Golden  Chain,  123. 
Gold  Thread,  79. 
Gooseberry,  104. 
Goosefoot,  69. 
Goosefoot  Family,  68. 
Goose  Grass,  214. 
Goord  Family,  221. 
Gramine»,  23. 
Grape,  146,  146. 
Grape  Family,  146. 
Grass  Family,  23. 
Grass  Pink,  76. 
GraUola,  204. 
Graveyard  Moss,  137. 
Green-brier,  42. 
Green  Dragon,  26. 
Gromwell,  Com,  191. 
Groupd  Ivy,  196. 
Ground  Pink,  186. 
Ground  Plam,  128. 
Guiuea-hen  Flower,  36. 
Gum,  Black,  164. 
Gymnoclados,  120,  121. 
Gymnosperms,  13. 
Gypsy  Weed,  206. 

Hackberry,  60. 
Hackmatack,  18. 
Harbinger  of  Spring,  160. 
Hardhack,  108. 
Harebell,  223. 
Haw,  110,  an,  217. 
Hazelnat,  62,  63. 


INDEX 


249 


Heal.^,  196. 
Heart*B-ease,  161. 
Heath  Family,  166,  167. 
Hedge  Mustard,  96. 
Heleniam,  230. 
Heliotrope,  189. 
Heliotropiam,  189. 
Hellebore,  White,  32. 
Hemerocallis,  33,  34. 
Hemlock,  17. 
Hemp,  62, 
Hen-bit,  196. 
Hepatica,  81. 
Heracleum,  161,  162. 
Herb  Robert,  130. 
Heachera,  103. 
Hickory,  61. 
Hieracium,  236. 
High-buflh  Cranberry,  216. 
HippocastanacesB,  142. 
Hobble-bush,  216. 
HoUy,  138,  139. 
HoUy  Family,  138. 
Honey  Locust,  121. 
Honeysuckle,  167,  218-220. 
Honey  suckle  Family,  216. 
Hop  Clover,  126. 
Hop-tree,  134. 
Horehound,  196. 
Hombeam,  62. 
Horse-brier,  42. 
Horse-cheetnut,  142. 
Horse-gentian,  218. 
Horse  Nettle,  199. 
Horse-radish,  96. 
HoundVtongue,  189. 
HouBtonia,  213. 
Hoya,  183. 

Huckleberry,  170,  171. 
Hyacinth,  37. 
Hyacintbus,  37. 


Hydrophyllacea,  187. 
Hydrophyllum,  187,  188. 
Hypericace»,  148. 
Hypericum,  149. 
Hypozis,  43. 

Ice  Plant,  69. 
Ice-plant  Family,  69. 
Hex,  138,  139. 
Impatiens,  143. 
Indian  Chief,  172. 
Indian  Cresa  Family,  132. 
Indian  Hemp,  180. 
Indian  Paint,  191. 
Indian  Pink,  206. 
Indian  Pipe,  166. 
Indian  Poke,  32. 
Indian  Turuip,  26. 
Indigo,  122. 
Indigo,  False,  126. 
Innocence,  213. 
Ipomcaa,  184,  186. 
IridacesB,  46. 
Iris,  46,  46. 
Iris  Family,  46. 
Irish  Potato,  200. 
Iron  Wood,  62. 
Isopyrum,  78. 
Ivy,  138. 

Jack-in-the-pulpit,  26. 
Jacob's  Ladder,  39,  187,  203. 
Japanese  Ivy,  146. 
Jatropha,  137. 
Jerusalem  Oak,  69. 
Jewel  Weed,  143. 
Jimson  Weed,  201. 
Johnny-jump-up,  151. 
Jointed  Charlock,  96. 
Juglandace»,  49,  60. 
Juglans,  60. 
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Jnncace»,  20. 
Juneberry,  110. 
Juniper,  10. 
JuniperuB,  19. 

Kalmia,  168. 
Kicking  Colt,  143. 
King  Nut,  51. 
Kinnikinnik,  163. 
Knawel,  73. 
Knot-grass,  67. 
Krigia,  234. 

Labiat»,  193,  194. 
Labumuin,  123. 
Lactuca,  236,  237. 
Ladies*  Eardrop,  156. 
Lady's-delight,  151. 
Lady's-slipper,  46,  143. 
Lady^B  Tresses,  46. 
Lagenaria,  222. 
Lamb  Lettuce,  221. 
Lamium,  196. 
Larch,  18. 
Larix,  17,  18. 
Larkspur,  80. 
Lathyrus,  129. 
LauracesB,  88,  89. 
Laurel,  168,  169. 
Laurel  Family,  88,  89. 
Leather  Flower,  82. 
LeguminossB,  117-119. 
Lemon,  133. 
Lentibulariacese,  209. 
Leoutodon,  235. 
Leonurus,  196,  197. 
Lepidium,  94. 
Lettuce,  237. 
Lever-wood,  52. 
LiguliflorsB,  234. 
Ligustrum,  177. 


Lüac,  176. 
Llliacese,  29. 
Lilium,  35. 
LUy,  34,  35. 
Lily  Family,  29. 
Lily-of-the-valley,  40. 
Lime,  133. 
LinacesB,  132. 
Linaria,  202,  203. 
Linden,  147. 

Linden  FamUy,  146,  147. 
Lindeia,  89. 
Linnsea,  217,  218. 
Linum,  132,  133. 
Liriodendron,  87. 
LithoBpermum,  191. 
Live  Oak,  58. 
Liver-berry,  39. 
Liverleaf,  81. 
Liverwort,  81. 
Lobularia,  98,  99. 
LocuBt,  121,  127. 
London  Pride,  74. 
Lonicera,  218,  219. 
Loosestrife,  173. 
Loranthace®,  63. 
Lotus,  76. 
Lousewort,  206. 
Lungwort,  190. 
Lupinus,  123. 
Lychnis,  74. 
Lycium,  199: 
Lycopersicum,  200. 
Lysimachia,  173. 

Maclura,  61,  62. 
Madder  Family,  212,  218. 
Magnolia,  86. 
Magnoliacese,  85,  86. 
Magnolia  Family,  85,  86. 
Maianthemum,  39. 
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MaUow,  148. 
Mallow  Family,  147,  148. 
Malya,  148. 
Malyaceae,  147,  148. 
Maple,  141. 

Maple  FamUy,  140,  141. 
Marguerite,  232. 
Marigold,  Marsh,  78. 
Marrubium,  195. 
Marsh  Bell-flower,  223. 
Marsh  Marigold,  78. 
Marsh  Trefoil,  178. 
Matrimony  Vine,  199. 
Matthiola,  99. 
May-apple,  85. 
Mayflower,  102,  169. 
Mayweed,  231. 
May  Wings,  134. 
Meadow  Buttercup,  78. 
Meadow  Garlic,  34. 
Meadow  Lily,  35. 
Meadow  Parsnip,  161. 
Meadow  Rue,  84. 
Medicago,  124. 
Medick,  124. 
Melilotus,  124. 
Melon,  221. 
Menyanthes,  178. 
Mercury,  138. 
Mertenaia,  190. 
Mignonette,  100. 
Mignonette  Family,  100. 
Milkweed,  181,  182. 
Milkweed  Family,  180,  is 
Mint  Family,  193,  194. 
Mistletoe,  64. 
Mistletoe  Family,  63. 
Mitchella,  214. 
Mitella,  102. 
Mitre-wort,  102. 
Mollugo,  70. 


Monkshood,  80. 
Monocotyledonous  Plants,  20. 
Monotropa,  166. 
Moracese,  61. 
Moming-glory,  184,  185. 
Moming-glory  Family,  183. 
Monis,  61. 
Moss  Fink,  186. 
Motherwort,  197. 
Mountain  Ash,  109. 
Mountain  Fringe,  92. 
Mouse-ear  Chickweed,  72. 
Mulberry,  61,  62,  111. 
Mulberry  Family,  61. 
Mulberry,  French,  193. 
Mulberry,  Mexican,  193. 
Mullein,  Moth,  202. 
Mullein  Pink,  74. 
Muskmelon,  222. 
Mustard,  95,  96. 
Mustard  Family,  93,  94. 
Myosotis,  190,  191. 
Myrica,  49. 
Myricacese,  49. 

Narcissus,  43. 
Nasturtium,  96,  132. 
Nelumbo,  76. 
Nepeta,  196. 
Nerium,  180. 
Nettle,  63. 

Nettle  iamily,  62,  63. 
New  Jersey  Tea,  145. 
Nightshade,  199. 
Nightshade  Family,  198. 
Ninebark,  107. 
Noble  Liverwort,  81. 
None-so-pretty,  74. 
Nonesuch,  124. 
Nupbar,  76,  77. 
Nutmeg  Melon,  222. 
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Nyinpheea,  76. 
Nyinphseace»,  75. 
Nyfisa,  164. 

Oak,  67,  58»  59. 
Oakena,  33. 
Obolaria,  177,  178. 
CEnothera,  156. 
CEnotheracesB,  156. 
Oleacese,  175. 
Oleander,  180. 
OUve  Famüy,  175. 
Onion,  34. 
Opuntia,  154,  155. 
Orange,  133. 
Orange  Grass,  149. 
Orange,  Osage,  62. 
OrchidacesB,  46. 
Orchis  Family,  46. 
Omithogalum,  37. 
Orobanchace»,  208. 
Osage  Orange,  62. 
Osmorrhiza,  160. 
Ostrya,  52. 
Ozalidacese,  131. 
Ozalis,  131. 

Paeonia,  78. 
Pseony,  78. 
Paint-brosh,  205. 
Painted  Cup,  205. 
Pansy,  151. 
Papaver,  91. 
PapaveracesB,  89,  90. 
Paper  Mulberry,  62. 
Pappoose  Boot,  85. 
Parsley  Family,  158. 
Parsnip,  161. 
Partridge  Berry,  214. 
Pasque  Flower,  80. 
Passiflora,  151,  152. 


PassifloracesB,  151. 

Passion-flower,  151,  152. 

Passion-flower  Family,  151. 

Pastinaca,  161. 

Pawpaw,  88. 

Pawpaw  Family,  88. 

Pea,  129. 

Pea  Family,  117-119. 

Peach,  116. 

Pear,  108. 

Pecan,  50. 

Pedicularis,  ^206. 

Pelargonium,  130,  131. 

Pennywort,  178. 

Pentfitemon,  203, 204. 

Peony,  78. 

Pepper-and-salt,  160. 
'  Peppex^grass,  94. 

Pepper  Root,  97. 

Periwinkle,  179. 

Persimmon,  174. 

Petunia,  201. 
*Phacelia,  188. 

Philadelphos,  103. 

Phlox,  185,  186. 

Phlox  Family,  185. 

Phoradendron,  63,  64. 

Phyllocactos,  155. 

Physocaipus,  107. 

Phytolacca,  69, 

Phytolaccace»,  69. 

Picea,  16. 

Pickerei  Weed,  28,  29. 

Pickerel-weed  Family,  28. 

Pignut,  51. 

Pimpemel,  174. 

Pine,  14,  15,  16. 

Pine  Family,  13. 

Pine-sap,  166. 

Pine-weed,  149. 

Pink,  74,  76,  167. 
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Pink  Family,  71,  72. 
PinuB,  14. 
Pipe  Vine,  65. 
Pipsissewa,  165. 
Pisum,  120. 

Pitcher-plant  Family,  101. 
PlantaginacesB,  211. 
Plantago,  211,  212. 
Plantain,  211,  212. 
Plantain  Family,  211. 
Plantain,  Water,  21. 
PlatanacesB,  105. 
Platanus,  105. 
Plum,  116. 
Podophyllum,  85.    - 
Poet^s  Narcissufl,  43. 
Poison  lyy,  138. 
Poison  Vine,  138. 
Pokeberry,  69. 
Pokeberry  Family,  69. 
Poke,  Indian,  32. 
Pokeweed,  69. 
Pokeweed  Family,  69. 
Polanisia,  99. 
Polemoniacese,  185. 
Polemonium,  186,  187. 
Polygala,  134,  135. 
Polygalace»,  134. 
Polygala  Family,  134. 
Polygonace»,  66. 
Polygonatum,  39,  40. 
Polygonum,  67.        • 
Pomme  Blanche,  126. 
Pontederia,  28. 
Pontederiace»,  28. 
Poor  Man^s  Weather-glass,  174. 
Poplar,  47. 
Poplar,  White,  87. 
Poppy,  91. 

Poppy  Family,  89,  90. 
Popolus,  47,  48. 


Portulaca,  71. 
Portulacacese,  70. 
Portulaca  Family,  70. 
Potato,  200. 
PotentUla,  114. 
Prairie  Apple,  128. 
Prairie  Fire,  205. 
Prickly  Ash,  133. 
Prickly  Pear,  154. 
Primrose,  172. 
Primrose  Family,  171. 
Primula,  172. 
Primulacese,  171. 
Prince's  Pine,  165. 
Privet,  177. 
Prunus,  116,  117. 
Psoralea,  126. 
Ptelea,  134. 
Puccoon,  191. 
Pudding-berry,  163. 
Pulse  FamUy,  117-119. 
Purslane,  71. 
Purslane  Family,  70. 
Pyrola,  165. 
PyrolacesB,  164. 
Pyrola  Family,  164. 
Pyrrhopappus,  236. 
Pyrus,  108,  109. 

Quaker  Ladies,  213. 
Quaking  Asp,  47. 
Quamoclit,  184. 
Quercus,  56-59. 
Quince,  108. 

Radish,  Wild,  96. 
Ragweed,  232. 
Ranunculacesß,  77,  78. 
Ranunculus,  82,  83. 
Raphanus,  96. 
Raspberry,  111,  112. 
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Rattan-yine,  144. 

Rattlebox,  74. 

RatUesnake  Master,  169. 

RatUesnake  Weed,  235. 

Redbud,  120. 

Red  Cedar,  19. 

Red  Root,  145. 

Reseda,  100. 

Resedace»,  100. 

RhamnacesB,  143. 

Rhamnus,  144. 

Rhododendron,  167. 

Rhus,  137,  138. 

Ribes,  104. 

Ribgrass,  212. 

Robinia,  127. 

Robin-runaway,  196. 

Robin^s  Plantain,  229. 

Rocky  Mountain  Bee  Plant,  100. 

Rosa,  115,  116. 

Rosace»,  106-107. 

Rose,  116. 

Rose  Family,  105-107. 

Rosemary,  168. 

Rowan  Tree,  109. 

RubiacesB,  212,  213. 

Rubus,  111-113. 

Rudbeckia,  230. 

Rue  Anemone,  82. 

Rue  Family,  133. 

Ruellia,  210. 

Rumex,  06^  67. 

Rush  Family,  29. 

RutacesB,  133. 

Rutland  Beauty,  183. 

Sage,  198. 
Sagittaria,  21,  22. 
SalicacesB,  47. 
SaUz,  48. 
Salsify, 


Salvia,  197,  198. 
Sambucus,  216,  216. 
Sandalwood  Family,  64. 
Sand  Bor,  200. 
Sangoinaria,  90. 
Sanicle,  169. 
Sanicula,  159. 
Santalace»,  64. 
Sarracenia,  101. 
SarraceniacesB,  101. 
Sarsaparilla,  157,  158. 
Sassafras,  89. 
Savin,  19. 
Saxiiraga,  102. 
Sazifragacese,  101. 
Saxifrage,  102. 
Saxifrage  Family,  101. 
Schrankia,  120. 
Scilla,  36. 
Scleranthus,  73. 
ScrophulariacesB,  201,  202. 
Scutellaria,  194,  196. 
Sedge  Family,  23. 
Self.heal,  196. 
Senecio,  232. 
Sensitive  Brier,  120. 
Sensitive  Rose,  120. 
Service  Berry,  110. 
Shad  Bush,  110. 
Shame  Vine,  120. 
Sheep-lice,  189. 
Sheep  Sorrel,  66. 
Shellbark,  51. 
Shepherd*s  Purse,  98. 
Sheriff  Pink,  231. 
Shin-leaf,  165. 
Shooting  Star,  172. 
Shrub,  88. 
Sickle  Pod,  98. 
Sicyos,  222. 
Side-saddle  Flower,  101. 
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Silene,  73,  74. 
Sisymbrium,  95. 
Siayrinchium,  46. 
Skullcap,  ld4,  195. 
Skiink  Cabbage,  25. 
SmilacesB,  31. 
Suiilacina,  38. 
Smilaz,  41,  42. 
Snakeroot,  135. 
Snakeroot,  Black,  159. 
Snakeroot,  Samson^s,  120. 
Snapdragon,  203. 
Snappers,  74. 
Snapweed,  143. 
Sneezeweed,  230. 
Snowball,  216. 
Snowberry,  217. 
SolanacesB,  198. 
Solanum,  199,  200. 
Solomou's  Seal,  89,  40. 
Sonchus,  237. 
Sorrel,  Sheep,  66. 
"^panish  Dagger,  38. 
Spatter-dock,  77. 
Spearwort,  83. 
Specularia,  223,  224. 
Speedwell,  205. 
Spiee  Bush,  88,  89. 
Spiderwort,  27. 
Spiderwort  Family,  26. 
Spikenard,  False,  38. 
Spinach,  68. 
Spinacia,  68. 
Spiranthes,  46. 
Splrea,  107,  108. 
Spring  Beauty,  70,  81. 
Spruce,  16, 17. 
Spurge,  136,  137. 
Spurge  Family,  135. 
Spurge  Nettle,  137. 
Squash,  222. 


Squawroot,  41,  208. 
Sqiiaw  Vine,  214. 
Squill,  36. 
Squirrel  Com,  92. 
Stachys,  197. 
Staff-tree  Family,  139. 
Stagger-bush,  168. 
Staphylea,  140. 
Staphyleace«,  140. 
Star-flower,  173. 
Star-grass,  43. 
Star  of  Bethlehem,  37. 
Steironema,  173. 
Stellaria,  72. 
Stick-tights,  189. 
Stitchwort,  72. 
St  Johnawort,  149. 
St.  Johnswort  Family,  148. 
Stock,  99. 
-.  I  Strawberry,  113. 
'  Strawberry  Bush,  88,  140. 
Straw  Lilies,  33. 
Streptopus,  39. 
Sugar  Fear,  110. 
SugarPlum,  110. 
Sumach,  137,  138. 
Sumach  Family,  137. 
Sundrops,  156. 
Supple  Jack,  144. 
Sweet  Alyamim,  99. 
Sweet  Bay,  86. 
Sweetbrier,  116. 
Sweet  Cicely,  160. 
Sweet  Clover,  124. 
Sweet  Fem,  49. 
Sweet  Flag,  25. 
Sweet  Potato,  184. 
Sweet-scented  Shnib,  88. 
Sweet  William,  75. 
Sycamore,  105. 
Sycamore  Family,  105. 
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Symphoricarpus,  217. 
Symplocarpufl,  25. 
Syringa,  103,  176. 

Tamarack,  18. 
Tanglebeny,  170. 
Tansy  Mustard,  05. 
Taraxacum,  236,  236. 
Tassel  Tree,  148. 
Taxodium,  18. 
Tecoma,  207. 
Thalictrum,  84. 
Thaspium,  161. 
ThUtle,  233,  237. 
Thorn,  110. 
Thuya,  18,  19. 
Thyme,  108. 
Thymus,  198. 
Tiarella,  102. 
Tickseed,  229,  230. 
Tilia,  147. 
TiliacesB,  146,  147. 
Tinker-weed,  218. 
Tipsin,  126. 
Toad-flax,  64. 
Toad-flax,  Wild,  203. 
Tomato,  200. 
Tongue-graas,  94. 
Toothache-tree,  133. 
Toothwort,  97. 
'I'radescantia,  27. 
Trailing  Arbutus,  160. 
Trefoil,  Mareh,  178. 
Trientalis,  172,  173. 
Trifolium,  125. 
Trillium,  40,  41. 
Triosteum,  218. 
Tropaeolaceae,  132. 
Tropaeolum,  132. 
Tropaeolum  Family,  182. 
Tmmpet  Creeper,  207. 


Trompet  Fiower,  207. 
Tsuga,  17. 

Tubaliflor»,  227,  228. 
TuUp,  36. 
Tulipa,  36. 
Tulip  Tree,  87. 
Tupelo,  164. 
Turkey  Pea,  160. 
Twin-flower,  218. 
Two-eye  Berry,  214. 
Typha,  20. 
Typhace»,  20. 

Ulmac€»,  69. 
Ulmus,  59,  60. 
Umbellifene,  158. 
Umbrella  Tree,  86. 
Uuicom-root,  32. 
Urtica,  63. 
Urticacese,  62,  63. 
Utricularia,  209,  210. 
Uvularia,  33. 

Vaccinium,  170,  171. 
Valerian,  220. 
Valeriana,  220. 
Valerianacese,  220. 
Valerianella,  221. 
Valerian  Family,  220. 
Veratrum,  82. 
Verbascum,  202. 
Verbena,  192,  193. 
Verbenaceae,  192. 
Verbena  Family,  192. 
Veronica,  204,  206. 
Venrain,  192. 
Vetch,  128,  129. 
Viburnum,  216,  217. 
Vicia,  128. 
Vinca,  179. 
Vine  Family,  146. 


Viola,  149,  160,  161. 
>'iolace8B,  149, 
Violet,  160,  161. 
Violet  Family,  149. 
Virginia  Creeper,  146. 
Virginia  Dayflowei^  27. 
Vitaceee,'  146. 
Vitis,  145,  140. 

Wafer  Ash,  134. 
Wahoo,  140. 
Waitr«-bit,  42. 
Wake-robin,  40,  41. 
Waldsteinia,  113. 
Walnut,  60. 
Walnut  Family,  49,  60. 
Wandering  Jew,  28. 
Water  Chinquapin,  76. 
Wateroress,  96. 
Waterleaf  Family,  187. 
Water-lily,  76. 
Water-lily  Family,  76. 
Water  Plantain,  21. 
Water-plantaiii  Family,  21. 
Water  Willow,  211. 
Waxberry,  49. 
Wax  Plant,  183. 
Wax-work,  139. 
Weigela,  220. 
White  Hellebore,  32. 
White  Poplar,  87. 
White  Water-lily,  70. 
Whiteweed,  231. 
Whitewood,  87,  147. 
Whitlavia,  188. 
Wickakee,  206. 


Wild  Coffee,  218. 

Wild  Flax,  203. 

Wild  Ginger,  66. 

Wüd  Hyacinth,  37,  92. 

Wild  Licorice,  216. 

Wild  LUy-of-the-valley,  39. 

Wild  Oat»,  33. 

Wild  Fear,  110. 

Wüd  Pink,  74. 

Wild  Potato  Vine.  186. 

Wild  Raddish,  96. 

Wild  Sweet  William,  186. 

Willow,  48. 

Willow  Family,  47. 

Wind-flower,  81. 

Winterberry,  139. 

Wintergreen,  166,  173. 

Wißtaria,  127. 

Witch-hobble,  216. 

Withe-rod,  217. 

Woodbine,  146. 

Wood-sorrel,  131. 

Wood-sorrel  Family,  131. 

Yarrow,  231. 
Yellow  Flag,  46. 
Yellow  Pond  Lily,  77. 
Yellow  Sweet  Clover,  124. 
Yellow  wood,  121. 
Yucca,  37,  38. 

Xanthozylum,  133. 

Zebrina,  28. 
Zephyranthes,  42,  43. 
Zizia,  161. 
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